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~ LARSEN ANTENNAS TRAVEL __ 
- INTHE FAST LANE. (unin Seco 


Race car communications 
demand the best from an antenna 
under some of the worst conditions. 
Split second decisions require reliable 
signals at exceptionally high speeds. 
Thats why Lorsen Antennas are 
used on race cars at the Indy 500. 
Because Larsen Antennas are 
designed to take high speed with 
minimal signal distortion. Proving they 
can travel in the fast lane without 
putting a drag on their performance. 
Lorsen’s precision tapered stainless 
steel whip provides moximum flexibility 
while minimizing radiation pattern 
Cistortion. giving you a clear consistent 
signal. And Larsen’s exclusive Kuirod® 
Plating, gives your antenna high con- 


Quctivity to assure that maximum power 


goes info communicating — not heat. 
That full measure of performance 
goes into our service too. With prompt 
Oelivery, personal attention and a no 
nonsense warranty that won't slow 

you down. 

Our full line of antennas will handle 
almost any application. If not, weil 
custom build one for the job. Either 

way you win, 

So, whether your antennas race 
around a track or around the clock 
Larsen Antennas will keep you ahead 

of the situation, with dependable 
performance. We'd be giad to show 
you how Lorsen Antennas will work for 
you. Write for our free full line catalog. 


Larsen Fintennas 


IN USA: Larsen Electronics, inc. 

11611N.E. 50th Avenue PO. 80x1799 Vancouver WA98668 Phone: 206-573-2722 
Toll Free order line 1-800-426-1656 
in Washington State 1-800-562-4747 


IN CANADA: Conadian Lorsen Electronics, Lid. 
283 E. Mth Avenue, Unit 101 
Vancouver, B.C. V5T2C4 Phone 604-872-8517 


Killrod® Is a registered trademark of Larsen Electronics. Inc. In USA and Canada. 
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Two-Tone Sequential 
Signalling Products 


PRICED FOR 
PENNY-PINCHERS 


To cope with today's economy, there hasto 
be a little "penny-pincher” in every communi- 
cations expert. And, when you can combine 
quality, compatibility, ease of maintenance 


and versatility at competitive prices in one 
product line; you've got a sure winner. Selec- 
tone's full line of Two-Tone Sequential signalling 
products does just that, and more. 


SELECTONE LOWERS THE COST ofthis 
low-cost selective calling system even more 
by providing continuously tunable frequency 


inventory special reeds or tuning elements. 


SELECTONE iNCREASES THE VERSA- 
TILITY of these products by providing detailed 
FREE application notes to allow you to max- 
imize the many output and control functions, 
including group calling, horn blowing, indicator 


lights, radio mute, and other remote control 
functions. 

SELECTONE MAXIMIZES COMPATIBIL- 
ITY by offering a full line of products to fit 
virtually any radio package or any signalling 
need, including both internal and dash mount 
units for decoding only. encoding only or en- 
coding/decoding in base stations, mobiles or 
portables. 

If versatile, compatible, and penny-wise con- 
munications is your goal, call us toll free at 
(B00) 227-0376 for full facts on Selectone's 
comprehensive line of 2-way radio signalling 
products. 


Selectone 


Sslectone Corporation 

28301 Industria! Blvd. » Hayward, CA 94545 

(800) 227-0376 * (415) 887-1950 (In CA) » TWX 910-383-0709 
Califorma Toll Free: (800) 421-5389 


"Service station nat, quantity 1-8. 
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COVER: A shower of sparks ac- 
companies the closing of a switch to 
send a 3000 volt spike to the inpul of a 
DC-to-DC converter designed by 
Wilmore Electronics. See Chris- 
topher Ely’s article on page 23. 
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Publisher’s Note 
Editorial 
Feedback 

News 


Rugged DC-to-DC Converter Withstands 3000 Volt Spikes 
Christopher Ely Wilmore Electronics 
Transients become usable energy, protecting land mobile equipment. 


Intermod Control, Part 5—Receiver Multicouplers 


William F. Lieske. EMR Corporation 
Noise figure is calculated. preselectors, filters and splitters are selected in 
design application. 


Advantages Of Four-Cell Site Repeat Patterns 


Morton Stern, Motorola, Inc. Communications Sector 
Maximum frequency reuse is afforded by 60-degree antennas. 


Adaptive Antennas Cancel Repeater Interference 


Michael J. Marcus and Satven Das, FCC 
Repeater spacing can be reduced and more licenses made available with 
use of interference cancellers. 


FCC Studies ‘Spectrum Farming,’ UHF Channel Sharing 


Stephen J. Shaw, MRT Washington Correspondent 
Shared UHF, FM broadcast channels figure in deregulated marketplace 
allocation plan allowing multiple use of frequencies. 


Regulating Technology 
FCC compares ACSB and FM, defers WARC land mobile allocations. 
asks information of Atlanta TV-69. receives below-470 MHz repeater 
opposition. 


Modules Build Base/Repeater Station 


Integrated, modular repeater uses plug-in cards for designed-in-the-rack 
base station. 


New Products 
People 
Classified Ads 


Advertisers’ Index 
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MULTIMODE 
DTMF ENCODER 


FEATURES: 
Illuminated Manual Keypad with Selectable 90ms Burst 
ANI on PTT or Key command 
Functions Digit before or after ANI 
Station and Mobile Installations 


APPLICATIONS: 
Interconnect 
Remote Control 
Selective Calling 


— 
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SOLID STATE COMMUNICATIONS, INC. 
21060 CORSAIR BOULEVARD 
HAYWARD, CA 94545 

800-227-1226 © IN CA 415-785-4610 
Reader Service No. 3 


[NEXT DAY SHIPMENT: 
ON MANY ITEMS 


THE ONLY COMPLETE SUPPLIER _ 


4 


FOR ALL YOUR RF - 
ANTENNA SYSTEMS NEEDS. 
CALL OR WRITE US TODAY. 


“The Measurement of Performance” 


Reader Service No. 4 


...a manufacturers association? 


A good idea! 


Now, the next step... 


At the November Communications 
Marketing Conference, a group of manu- 
facturers met and formed the nucleus of 
what could become the first true as- 
sociation of manufacturers in the land 
mobile industry. Tentatively named the 
Association of Communications Equip- 
ment Manufacturers (ACEM), this as- 
sociation is, we think, an idea whose 
time has come. 

For years, manufacturers have been 
the primary source of income for indus- 
try trade shows and have financed the 
lobbying efforts of most of the land mo- 
bile user associations. And yet, due pri- 
marily to a lack of unity, they have had 
little influence over which, where, why 
and with what frequency trade shows are 
held. Nor have they had any significant 
influence on the regulations that govern 
their futures. 

The ACEM is a significant first step 
towards changing that situation and it 
could provide many other benefits for 
manufacturers and the industry they 
serve. For example, some of the projects 
and activities proposed at the meeting 
were: 

* coordination of major trade shows. 

* formation of “co-op” export trading 
companies. 

* sales representative referral 
services, 

* technical lending library coordin- 
ation. 

* coordination of regional technician 
clinics. 

* group purchasing of incentive pro- 
grams, liability insurance, etc. 

*» “manufacturers only” 
conferences. 

If approved by the Communications 
Marketing Association (CMA), the 


training 


f ow ik 


ACEM will become a section of the 
CMA. 

But. ..the important point is nor the 
name, specific projects, or organ- 
izational details. The important point is 
the simple fact that an association is 
being formed! The specifics are, as of 
now, only the proposals of the 20 some 
companies who attended the meeting. 
Manufacturers who join now will each 
play a major role in what this association 
will do and how it will be organized. 

So, the next step is not for prospective 
members to question or quibble over the 
specifics. The next step is for manu- 
facturers to join and help build an organ- 
ization that will allow them to, as a 
group, express their views and take ac- 
tion on industry problems, 

We strongly recommend that manu- 
facturers at least Investigate the potential 
benefits of this association by calling the 
CMA Executive Secretary, Bud Re- 
bedeau at (312) 577-8350 or any member 
of the ACEM membership committee: 
Larry Kline, Antenna Specialists; Walt 
Ullrich. Multiplier; Lynne Camp, Cen- 
turion or Ray Collins, Telewave. 


| 


Phil Cook, Publisher 
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IC-435 


UHF MOBILE 
2 Channel / 35 Watts 


ICOM brings you the 
IC-435...a 35 watt, 100% duty 
cycle, 2 channel, synthesized 
UHF mobile transciever in an 
Incredibly compact package. 

The IC-435 covers 450 — 
470 MHz in two 10 MHz ranges. 
lt features a noise cancelling 
microphone, 2.5 or 5 KHz diode 
programmable steps, multiple tone 
encoder (optional), LED channel readout, 
an advanced preset squelch design, and § 
watts of receiver audio. 

All of these features come in a slim 
package that is only 2”H x 6-9/16"W x 11”"D 
and...the front contro! panel can be remote 
mounted. 

Other optional signalling features 
and/or a smart compatible version are 
available. 

For more details contact ICOM 
America, Inc. or your local ICOM dealer. 


ICOM UHF 


Above and Beyond the Competition 


rn os 
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iC-U12 


UHF HANDHELD 
712 Channel / 3 Watts 


As a companion to the IC-435 or as a 
stand alone UHF transceiver, the IC-U412 is 
the perfect handheld. Available in 450 — 
460 or 460—470:MHz versions, the IC-U42 Is 
the smallest, most compact 412 channel UHF 
handheld anywhere. 

The U12 features synthesized 
programming of standard and splinter 
channels (power adjustable to 2 watts), 
diode programming, and a heavy duty 
CMS quick (1.5 hr) charge battery pack. 
The CM30 drop-in charger is required. 

The |C-U12 is rugged, reliable, and is 
bullt using ICOM's proven handheld design. 
Included with the U12 is a rechargeable 
battery, a flexible antenna, and a belt clip. 
Interchangeable accessories, signalling 
options and slide-on battery packs 
complement the ICOM handheld line and 
are compatible with both UHF and VHF 
models 


With ICOM, the business 


3)|ICOM| 


Business Band Radio Divison 

3331 Towerwood Drive, Suite 307, Dallas, TX 75234, (214) 620-2780 
Corporate Office/Sales & Service Center 

2112—116th Avenue NE, Bellevue, WA 98004, (208) 454-8155 


at hand is quality. 
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All stated specifications are approximate and subject to change without notice or obigation. Al ICOM radios significantly exceed FCC regulations limiting spurious emissions 


Technology — Weapon or Tool? 


ere it is...1984...the year 
H George Orwell's novel picked for 

technology to get out of hand 
forcing mankind to forfeit certain human 
rights. “Big brother’ had a com- 
munications system that enabled him to 
monitor and control virtually every human 
function. 

Technology has made advances, but 
they have tended to improve rather than 
reduce the quality of human life. The 
target benefactors of technological ad- 
vancements have shifted somewhat 
dramatically—away from the military/ 
space/government sector toward the 
common man/consumer. 

This shift is healthy, as long as it does 
not become total in its effect. The con- 
sumer does represent a tempting market- 
place. The huge numbers of the consumer 
market are more exciting to product plan- 
ners and R & D allocators than the same 
old space/military business sources. Po- 
tential rewards are even more enticing. But 
dollars spent now on reducing costs to 
match consumer ability (or willingness) to 
pay can ultimately benefit the big spenders 
by giving more and better capabilities to 
more people for fewer bucks. 

Real high-technology blockbusters have 
been relatively scarce in the recent past, 
but reviving of yesteryear’s ideas has 
shown increasing potential for expanding 
communications penetration into society. 

In this issue, for example, the idea of 
adaptive antennas as ‘interference can- 
cellers’ is resurrected. ..not because of 
any new breakthrough in their technology, 
but because another technology has ad- 
vanced to the point where their value in- 
creases. Adaptive antennas emerged from 


military attempts to reduce the effects of 
intentional jamming, and now—calling 
the culprit co-channel interference (unin- 
tentional, of course!), the interference re- 
duction technique finds a new problem to 
solve. 

In another comer of this month’s MRT 
is the announcement that ACSB (another 
‘old’ idea) has earned renewed attention as 
a result of ‘new’ circumstances. . .spec- 
tum overcrowding due to inevitable in- 
creased demand. 

In yet another item, another solution is 
proposed—less Federal regulation— 
greater dependence on self-regula- 
tion. . .like an amplifier with both fixed 
and self bias, the former to preclude cata- 
strophic system failures and the latter to 
minimize effects of unpredictable, often 
uncontrollable input/output problems. 

The key seems to be the ever-improving 
harmony between (and interdependence 
of) regulation and technology. Although 
dedicated primarily to technology, we de- 
cided to include a new department in 
MRT, Regulating Technology, the pur- 
pose of which is to mention (but not dwell 
on!) regulation developments as they im- 
pact technology. 

Thus, one of the inputs to the operating 
bias circuit has made its influence felt. We 
yielded to several readers’ letters be- 
moaning the sparcity of regulatory news in 
MRT...one writer saying that if MRT 
only had more regulation information, 
he'd really only have to read one maga- 
zine. After all, what good is feedback, 
positive or negative, unless it has a bene- 
ficial effect on the over-all operation of the 
system. 

There are magazines that claim to be 


‘complete’ magazines that cover every- 
thing related to our industry. If we ran as 
much material on marketing, selling, regu- 
lating, promoting, operating, managing, 
and other aspects of the business as we do 
on technology (which we have accepted as 
our primary responsibility), we'd self- 
destruct in microseconds. 

Most of the comments we receive reflect 
enthusiastic approval of our concentration 
on technology. Those that disagree by no 
means go unheeded — their contribution to 
our operating bias circuit is finite, but 
small by virtue of their number. Their 
effect may be negligible, unlike our ap- 
preciation for them. 

So... 1984. , .technology is still under 
control and tending to work for man, rather 
than vice versa. Instead of using tech- 
nology as a weapon, government has for- 
tunately elected to use it as a tool. . .a tool 
for building a better future for the people 
that government represents. JDF 
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Win with SUPERTRUNKING " 
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Dear Phil: 


In your September, 1983 issue of Mo- 
bile Radio Technology, you featured an 
article written by Milt Friedberg on dis- 
guised mobile antennas. On page 58 of 
this article. there is a picture of Sti-Co’s 
oval base Ford antenna which was not 
identified as our product. 

Since we are the only manufacturer 
with this base, and in fact used this 
photograph with our new product re- 
lease, I believe it should have been 
clearly identified as a Sti-Co antenna. 
The other antennas pictured are ident- 
ified as Larsen’s and Antenna Special- 
ists’ so | am sure that the omission of 
credit was an error and was not done 
intentionally. 

We would appreciate it. however, if 
you would give us credit in a furture 
issue. 


Antoinette P. Kaiser, President 
Sti-Co Industries, Inc. 
Buffalo, New York 


The error of omission was mine (not 
Milt's). Thanks for the correction! 
—Don Bishop. 


Dear MRT, 

Thanks for your recent published arti- 
cles like “CTCSS Scanner for Repeater 
Control,” “Predicting, Measuring and 
Reducing Interference Of Intermodula- 
tion Symptoms,” and “Cellular Systems 
For Small Communities.” Being a self- 
employed telecommunications tech- 
nician working in the Central American 
and Caribbean Sea, [ was very surprised 
to find such useful information in a two- 
way mobile communications magazine! 

] already sent photocopies to friends in 
Sydney, Australia, where ] used to work 
with British telecommunications com- 
panies. I like the “freshman’s style” of 
your technical articles— where un- 
necessary math, calculus and science 
functions are avoided! 


Today ] would like to ask you to obtain 
the complete postal address of ABCOM 
Engineering and Independent Electro- 
nics in Rancho Cucamonga, California. 
for additional information concerning 
the CTCSS scanning controller 
technique. 

Would it be possible to qualify per- 
haps for a subsciption to MRT? Thanks 
in advance for your further attention. 


Manfred Hoffman 
San Jose, Costa Rica 
Central America 


Dear Phil, 

Our students of today are so very for- 
tunate to be endowed with your journal, 
which is available with such a vast value 
of electronic communication. 

My first experience in this art started in 
1911, when the industry was remote to 
spark transmitters. 

Your editorial in the October 1983 
issue should create sparks and in- 
quisitiveness. All readers should be im- 
pressed with an industry that offers so 
much. 

A good technically trained person 
makes a better salesman. We applaud 
you for your efforts to reach those who 
are coming up. 


Jack R. Poppele 
Tele-Measurements Incorporated 
Clifton, New Jersey 


Dear Sirs: 

Please find enclosed our check no. 204 
in the amount of $25.00 in payment of 
your invoice number 624. This refers to 
the ad placed by Bergen County Search 
and Rescue (a division of our organ- 
ization) in Mobile Radio Technology. 

An additional note: The ad worked! 
We were able to locate the equipment we 
were looking for based on a reader re- 
sponse within the first week of our ad 


a 


being placed. Please continue the excel- 
lent work of your magazine! 


Gregg K. Danzer, Secretary 
North Jersey REACT 
River Edge. New Jersey 


Dear Phil, 

Thank you very much for your respon- 
siveness in forwarding your mailing list 
to our agent in Las Vegas during our 
rather untimely experience. Without 
your help, properly informing the indus- 
try of our trouble and immediate action 
being taken to overcome that trouble 
would have been impossible. 

Enclosed you'll find what appears to 
be the only “returned/undeliverables” we 
received back. From these returns, one 
can only presume that your list is incred- 
ibly clean. ..one of the cleanest in the 
entire trade publishing industry. 

Frankly, your publication has made 
true fans out of everyone involved with 
Wilson Electronics. It is timely, topical 
and certainly views radio technology 
from an interesting perspective. 

Again, thank you for your con- 
sideration. 


Chris French, Advertising Manager 
Wilson Electronics Incorporated 

P.S. If this sounds like an endorsement, 
it probably is. 


Dear Phil: 

Congratulations and condolences on 
your candidacy for the board of the Radio 
Club of America. 

Congratulations because it is an honor 
you deserve. . .condolences because it's 
a thankless task. 

You got my vote. 


Henry B. Kreer, President 
Stevens, Kirkland, Kreer Inc, 
Chicago aa. 
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When we decided to make 


Mode! 3000 an even better value, 


there was aoe one way to go 
The price was already much 
less than Piatt nts with 
comparable capabilities. So we 
had to add more features. 
With Mode] 3000B, you not 
only g yet a CRT display that 
sh ion and carrier 
Ss now a Lissajous scope 
real-time picture of 
changing frequencies. And the 
e can be either AC or DC 
ypled so you can either 
eliminate carrier shilt or read 
it olf the screen 
given the 100 watt 
powermeter a second range, 
Reader Service No. 7 for Literature 


10 watts full sc ale, for finer resolu- 


And our new automatic test 
system means you Wr receiv 
printed documentation of how 
your service monitor performed 
before it left the factory. 

Of course some parts of the 
Model 3000 were to good to 


Hz 3 resolution (1 Hz optional), and 
shows sub-audible tones with 

0.1 Hz resolution. Our exclusive 
“Sig Strength” feature lets you 
monitor and display both 
modulation and relative field 
strength simultaneously. And 

5 kHz ma I } 
Reader Service No. 8 for Demonstration 


amplitude of your modulation at 


But here's the best news: With 
all those improvements, the 

ode! 3000B still weighs just 25 
pounds, and still costs far below 
its competition, Just $7350. The 
more things change, the more 
they stay the same 

For a free demonstrat call 
the sales representative neares 
you. For details contact Meveiak 
SSI, 5808 Churchman, PO. Box 
190, Beech Grove, IN 46107. 
Phone toll-free (800) 428-4424 
TWX: 810-341-3226. 


WMWAVETEK 


Model 3000 was the best 
service monitor in its 


price range. 


Until Model 3000B came along. 


Regency Announces Consolidation 

Regency Electronics, Inc., has an- 
nounced a merger of the formerly auton- 
omous subsidiary organizations of Re- 
gency Communications, Inc., and Wil- 
son Electronics Incorporated into a 
single entity, Regency Land Mobile, 
Inc. The announcement was made by 
Joseph E, Boone, president, Regency 
Electronics, Inc. 

According to Boone, the consolida- 
tion will, “perpetuate two firmly estab- 
lished brand names, Wilson and Re- 
gency. In addition, the move will give 
Regency Land Mobile, Inc., a very 
strong ranking among land mobile radio 
competitors and the base on which even 
greater success can be realized.” 

Effective January 1, 1984, all do- 
mestic land mobile radio sales, market- 
ing and product management activities 


will be centered in Las Vegas, Nevada, 
with manufacturing, enginecring and 
international sales operating from Sat- 
ellite Beach, Florida. 

In anticipation of greater production 
demands as a result of the new con- 
solidation, Regency has undertaken the 
development of an additional 100,000 
sq. ft. manufacturing facility at the 
Florida location, The operation will be 
under the direction of Charles A. Mer- 
riman, vice president of manufacturing 
and general manager of the Florida 
group. 

Operating from a new 42,000 sq. ft. 
facility in Las Vegas, Regency Land 
Mobile. Inc., formerly Wilson Electron- 
ics Incorporated, will be under the di- 
rection of Tyler Bryant, vice president of 
marketing and general manager of the 
Las Vegas group. 


Manufacturer Holds CAD Conference 


System designers, software suppliers 
and customers attended a computer aided 
dispatch (CAD) conference held in No- 
vember by Kustom Quality Electronics 
of Lenexa, Kansas. The manufacturer 
sought suggestions from customers re- 
garding changes to its line of mobile data 
terminals. 

The company also expressed a desire 
to coordinate its hardware manufacturing 
with systems and software designers to 
ensure compatibility. Information was 
given by Kustom’s president about the 
company’s renewed financial strength, 
its quality control program, and com- 
mitment to the communications equip- 
ment market. 

President Lyle P. Phillips outlined the 
company’s turnaround, and announced 
that audited financial figures for the pub- 
licly held company would show Kustom 
once again on a sound footing. Phillips 
described some difficult times en- 
countered by Kustom when it pursued 
the avionics market, and observed, 


“Communications is our horse.” The ex- 
ecutive said there were days when sup- 
pliers wouldn't call on Kustom because, 
“we couldn't pay them, anyway.” 

“When I saw the sign in the lobby that 
said, ‘vendors seen by appointment 
only.” [ knew we had succeeded in 
restoring supplier confidence,” Phillips 
said. “Now they wanr to call on us!” 

Finding the avionics market to be lim- 
ited and the police radar market to be 
stabilized, limited to replacement of ex- 
isting equipment, Phillips has led Kus- 
tom back to what he called its niche in 
communications. “At one time, we had 
$8 million to $12 million in com- 
munications.” he observed. 

Phillips credited the company’s qual- 
ity control program which included all 
production employees and the efforts of a 
new management team he advanced 
from within the company with the 
turnaround. 

Kustom’s director of engineering. 
John Kusek, demonstrated some modi- 


fications made to the company's mobile 
digital terminal. The display had been 
discontinued by its original manu- 
facturer. and efforts to find a replacement 
have involved some extensive research 
and testing. 

The result is a nearly direct sub- 
stitution which will require retooling 
only the sun visor molding to accommo- 
date a full eight-line display, 

Among those attending the conference 
were representatives from three CAD 
systems and software suppliers and 
seven of the mobile terminal manu- 
facturer’s law enforcement agency cus- 
tomers who make extensive use of com- 
puter aided dispatch. A representative of 
a shipping port container handling com- 
pany also attended to learn about digital 
terminal applications for material 
handling. 

Dick Spingler, Kustom’s system sales 
manager, said the company is reevalua- 
ting its position in the data com- 
munication marketplace as a direct result 
of the conference. Development of ad- 
ditional hardware and improved systems 
capabilities are being considered as part 
of the evaluation. 

Spingler also said he hopes to form- 
ulate an adequate means of dissemin- 
ating and exchanging user experiences 
with the MCT 10 mobile terminal to help 
customers share valuable information 
about specific applications. 


IEE, Entelec 
Call For Papers 

The IEE international conference. 
“Mobile Radio Systems and Tech- 
niques,” and the Energy Tele- 
communications and Electrical As- 
sociation "84 conference have issued a 
call for papers. One-page synopses are 
due at the [EE office, Savoy Place, Lon- 
don WC2R OBL, U.K., by January 16, 
1984. Entelee paper abstracts are to be 
sent by February |. 1984, to P.O. Box 
795038, Dallas, TX 75379. 
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SOMETHING NEW!! 


From the Leader in Product Innovation 


UNIVERSAL TELEPHONE 


conmmcr 


Power 


INTERCONNECT 


MTl- 700 


MOOULSR TELEPMONE INTERCONNECT 


AND TELEPHONE LINE SELECTOR 


Selectively call mobiles with DTMF, 
2-Tone, or 2805 Hz decoders from 
DTMF or Rotary telephone lines 
with the Data Signal MTI-700 Modular 
Telephone Interconnect. Com- 
patible with all full, half and simplex 
radio systems, the MTI-700 allows 
you to start with basic interconnect 
and add options as your needs in- 
crease. Options include DTMF 
regeneration, dial pulse conversion, 
long distance inhibit, multi-digit 
access, automatic ANI, and much 
more. 


SUBMINIATURE 
ANI ENCODER 


The smallest ANI available (the size 
of a quarter), the ANI-309 is ideal 
for hand-held or mobile radios with 
severe space limitations. Generates 
2 ANI sequences of 1 to 16 digits. 
Encodes standard DTMF digits. 


The MLS-280 Multi-Line Selector 
provides multiple telephone lines 
for your MTI-700. Each user has an 
assigned line for incoming and out- 
going lines; no overdial operation 
required. Each MLS-280 can accom- 
modate up to 8 lines, with a maxi- 
mum of 256 lines. 


SUBMINIATURE 
DTMF DECODER 


The MTD-200 is smaller than any 
decoder on the market and accepts 
transmission of all 16 OTMF digits. 
Ideal for hand-helds with severe 
space limitations, the MTD-200 func- 
tions by decoding a user specified 
code. 
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SPEAKER MICROPHONE 


Ruggedly built, the Data Coder 11 
encoder microphone has a built-in 
nominal 24 ohm speaker. Com- 
patible with any transceiver, the 
Data Coder 11 and the rest of the 
Data Coder line of microphones 
combine up-to-date CMOS circuitry 
with snap-action keyboards. 


a Ve, ly 
Pie | 


BACKLIT 
MOBILE ENCODER 


The MTE-3BL has a unique backlit 
keypad that makes night-time use 
easy. A transmit ready light illumi- 
nates when the transmitter is keyed 
and ready to send DTMF digits. An 
interdigit timer keeps the trans- 
mitter keyed during encoding pro- 
cess. The MTE-3BL offers ANI option. 


2403 COMMERCE LANE @ ALBANY, GEORGIA 31708 e TELEPHONE 912-883-4703 


i DATA SIGNAL, INC. 


PAC 15-100C 


Y2 to 15 WATTS INPUT! 


* automatic RF sensed operation 
* remote control jack 


PROTECTION 


* overtemp bypass 
* extra heatsinking/ 
finned on 3 sides 


FCC TYPE ACCEPTED 
¢ Part 90, subparts b, d, e 


5 YEAR WARRANTY 


(1 year on output transistors) 


Model: 


PAC 15-100C 


450-470 MHz 

iWin = 44W out 
2W in = 76W out 
3W in = 92W out 
4W in 100W out 


PAC10-70B 


150-174 MHz x 4 MHz 
2W_in = 14W out 
SW in = 25W out 
SW in = 40W out 
10W in 7OW out 
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Jacksonville Is Site Of GE/NTI Cellular Demo 


A model cellular radio facility oper- 
ated by Gencom is used by partners Gen- 
eral Electric and Northern Telecom to 
test and demonstrate its now type ac- 
cepted equipment in Jacksonville, 
Florida. 

The $2.5 million system is a small 
version of systems the partnership ex- 
pects to provide as turnkey installations 
in 10 of the first 30 metropolitan cellular 
markets and in below-30 markets. 

The Jacksonville system of three cells 
and about 100 in-car units was con- 
structed to demonstrate the advantages of 
joint GE and NTI technologies. The 
switching equipment, said NTI vice 
president Edmund F. Tagg, “is designed 
to be out-of-service no more than 2 hours 
in 40 years of service.” 

FCC type acceptance of the GE-Star 
mobile telephone was announced in 
Jacksonville by Walter Weyler, GE vice 
president and general manager of the 


Northern Telcom ceil site controller is part 
of the cellular telephone test system now 
operational in Jacksonville, Florida. 


© Linear (all mode) RF power amp with auto- 
matic T/A switching (adjustable delay) 

© Recetve preamp option featuring GaAs FETS 
(lowest noise figure, bettor IMD), Device NF 
typically 5 dB 

® Thermal! shutdown protection incorporated 

® Remote control available 
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® Alfordatly priced offering the best pertor- 
mance pe: dollar 


Specifications/price subject ta change 


Touring the test installation are (1 to r) 
Richard Callahan, president of NewVector 
Communications, Inc., Walter Weyler, GE 
vice president and general manager of the 
mobile communications division, Jack 
Hurley, GE cellular marketing manager, 
and Edmund Tagg, vice president of NTI's 
carrier network group. 


mobile communications division, during 
a system demonstration. He said that 
during the first two weeks after approval 
was granted Oct. 10, “we've written well 
in excess of $10 million worth of orders 
for delivery in 1984.” 

Weyler said GE plans to introduce a 
battery powered, pocket sized unit in the 
fall of 1984. 

GE and NTI officials said the partner- 
ship of the two companies in the cellular 
arena avoided needless duplication of 
each others’ technologies. NTI, said 
Weyler, “has installed digital switches 
throughout the world which today serve 
6,000,000 equivalent lines. That's more 
than any other supplier in the world.” 

Meanwhile, “GE is the world leader in 
800 MHz trunked radio technology,” 
Weyler said, “having installed over 2000 
channels in the U.S.—more than any 
other supplier,” 

NTI intends to be a major supplier of 
cellular products and services, using its 


1510 235 
10s efoto {I 


15074 2% 
450-512 100 10 
45126 450-512 100 30 


Models with G suffix nave GaAs FET 
preamps. NorG sulfix units have no 


® Designed to ICAS ratings, meets FCC pant preamp. 
90 regulations 

@ 1 year transistors warranty 

@ Add $5 for shipping and handling (Cont. 
US). Calif, residents add applicable sates 

© Rugged components an! construction provide tax. 
for superior product quality and performance. 


% Send for further information 
0x 
BYE TEM ET Los Angeles 90025 


(219) 478-0591 
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Teuchpage 


Direct DIMF Decoding... 
It’s Flexible and Affordable. 


Call Pagers from any 
Touch-Tone® Telephone. 


Now small systems—even 3 users—can 
consider dial-access paging. 

We've developed the first 2-digit DIMF 
decoder in a pager, an item we call Tone Decoding 
Option T2. It's part of The Touchpage System. 

By putting a DTMF decoder in the pager, 
we've been able to simplify the design and drastically 
reduce the cost of a dial-access paging terminal. 
Without adding to the cost of the pager. 

Our new Touchpage Terminal, Model 
TP-2997, recognizes the DTMF signals. It is fully 
approved by the FCC for Part 68 for direct telephone 


From any Portable 
with a DTMF Pad. 


From any Mobile with a 
DTMF Microphone. 


interconnect, and has a suggested retail price of 
only $200. An optional, field-programmable security 
lock module, SL-3002, prevents unauthorized 
system access. 

If you already have a 2-way communication 
system (on VHF-FM High Band or Low Band, or 
UHF-FM), all you need is the Touchpage Terminal and 
individual pagers. The TP-2997 installs as easily 
as a modular telephone. 

Using The Touchpage System is easy. 
Simply dial the system's dedicated phone line, 
and after the tone, enter the security code, if installed, 
and the pager number. Then speak your message. 
You can also call pagers directly from portables 
with DTMF pads, from mobiles and from base stations. 

The Touchpage System is reedless and 
field-programmable. It is based on the proven 
technology of Sonar’s X-Ré Series pagers. And, like 
all Sonar pagers, they feature Sonar’s proprietary 
audio circuit for exceptional voice clarity. After 
you hear a Sonar page, you'll know the difference. 


3000 Stirling Road, Hollywood, FL 33021 (305) 981-8800 
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wide range of digital switching and 
transmission products, Tagg indicated. 
Speaking about what NTI brings to the 
partnership, the vice president said the 
cellular system is built on NTI's digital 
multiplex system (DMS) switch line. 
Proven DMS installations use the 
product of hundreds of man years of 
software development, “giving us the 
advantage of being able to overlay the 
cellular software onto existing systems,” 
said Tagg. The result is the ability to 


corner retiectors 


elevated fred pont mobiles 


broadband Yagis 


The industry’s most complete line S00 


base station, mobile and portable antennas 
for cellular, trunked and conventional systems. 


collinear dipole-array base stations 


Digital switching equipment at the Jack- 
sonville, Florida, cellular test site is seen 
behind a map of coverage provided by three 
cell site transmitters. 


broadband 
sleeve dipole 


low-siinouetic vercular 


(ransmission 
a 
ine 


direct-ground 
Balun 
wanslormer 
(inside) 


Po AF connector 


“Avanti” on-glass mobiles 


... from the antenna company you'd expect to excel 
in research, advanced engineering and innovation. 


the antenna specialists co. 


a memver of The Aen Group Inc_ 

12435 Excess Avenue Ceveianc. Ono £4906) 

Eaport $5 Man Si Freeport NY “!S20 

Canace A C Semmencs & Sons Lic — - 


we design solutions. 
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quickly bring up cellular mobile systems 
on the installed base of existing product. 

“The cooperative venture with GE is a 
sign of both companies’ ability to react 
and adapt to the changing market de- 
velopments,” Tagg said, 


FCC Seizes 
Marine Radios 

U.S. marshalls, in a coordinated effort 
with FCC engineers from Atlanta, seized 
53 radio transmitters from an Alabama 
marine radio dealer. S.E.E., Inc., a 
dealer in Bayou La Batre, Alabama, was 
suspected of supplying marine radios for 
illegal ship radio usage in the coastal 
areas of the Gulf of Mexico. Seized as 
evidence under search warrants issued by 
a federal magistrate, the radios were 
valued at $39,000. 

The crackdown on illegal marine radio 
activity involves operation of the radios 
on frequencies assigned to police and fire 
departments, mobile telephones and 
other users. 


Logan Sales 
To Rep TAD America 

Logan Sales of Santa Clara, Cal- 
ifornia, has been appointed TAD Amer- 
ica’s manufacturer for northern Cal- 
ifornia and northern Nevada. 


Glenarye Reports 
Earnings Increase 

Earnings for 1983 increased 33% ona 
22% revenue increase for Glenayre Elec- 
tronics Ltd. of Vancouver, Canada. The 
September 30, 1983 figures showed a 
Canadian sales increase of 11% and an 
export sales increase of 29%. Com- 
munications products sales increased 
40%. 


Knight-Ridder 
Acquires SMRS 

Knight-Ridder has received FCC ap- 
proval to acquire 50% of TelAir Network 
Miami. According to the two companies, 
Knight-Ridder intends to acquire a 50% 
interest in TelAir’s 14 other specialized 
mobile radio systems throughout the 
country. 
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The real story’s inside! 


RUGGED...RELIABLE... 
Die-cast RF SERVICEABLE, with strong 
Wideband channel shielding components. sales and service support... 


frequency spread. =i from KENWOOD. 
BUILT TO LAST. 


ood D Rugged die-cast chassis/heatsink 
- < ee and RF shields. Glass-epoxy cir- 

aE &} | cuit boards. “ON-BOARD” wiring. 

RELIABLE. 


Husky 40 watts output Highest quality components 
on UHF, 50 watts on VHF. =_> plus latest in state of the art 


Glass-epoxy technology. 


- = j ; 

Rugged, one-piece, Qe am, Sic Dome SERVICEABLE. 

die-cast chassis/ <a = SH Easy access construction 

heatsink. . | featuring key test points for 

y fast service and quick return 
to user service. 
COMPETITIVELY PRICED. 
More value and performance 
when compared feature for fea- 
ture with competitive products. 
STRONG WARRANTY. 
One year warranty on parts 
and labor. 
Sold through a select few of the 
top quality sales and service 
dealers. 
For more information about 
KENWOOD Land Mobile Radios, 
contact: 
Trio-Kenwood Communications, 
, 1111 West Walnut Street, 

Compton, California 90220. 
(213) 639-9000 


é 
—_ 


“ON-BOARD” 
circuit wiring. 


Auxiliary switch. 
Front-mounted 


f : : 
Synthesized channel fre- high quality 
quencies. 6 channels in speaker with — 
basic unit. 16 channels semi- 4 watts of audio. . 


duplex or 32 channels sim- 
plex available. PROM 


Program/Test Set available Professional quality 
to dealer at low, special cost microphone with 
based on radio purchases, heavy-duty cable. 


- 


KENWOUD 


LAND MOBILE RADIO 


NYNEX Mobile Communications 
Signs Agents For NY, Nd 

NYNEX Mobile Communications 
Company (formerly Advanced Mobile 
Phone Service, Inc.. Northeast Region), 
cellular subsidiary of the NYNEX Cor- 
poration, bas signed Potamkin Cadillac. 
Henry Brothers Electronics and the New 
York Cellular Telephone Corporation as 
agents to sell new mobile cellular pro- 
ducts und services in the New York 
metropolitan area. 


Industry Forms 
Manufacturers Association 

Anew manufacturers assochation was 
formed during the annual Com- 
munications Marketing Conference in 
November. The group will be known as 
the Association of Communications 
Equipment Manufacturers (ACEM) 
pending approval of the name by the 
membership, 

Activities of the trade alliance are to 
include public relations. industry data 
collection. training and education for 


market segments and trade show 
coordination, 

Larry Kline of The Antenna Special- 
ists Co,. Walter Ullrich of Multiplier 
Industries. Lynne Camp of Centurion 
International and Ray Collins of Tele: 
wave formed a committee charged with 
responsibility for start-up details and 
membership expansion. Gregg Murshall 
of TAD America. Randy Friedberg of 
Antenna, Incorporated and John Ehret of 
TPL. Communications formed a com- 
millee to review projects recommended 
by manufacturers, 


Reach Common Stock Offer 
Reach. Inc,. a Nebraska corporation 
organized in February [984 to develop a 
nauonwide paging. data distribution and 
Message network to transmit point-to- 
point personal contact information by 
means of FM radio subcarrier signals. 
will offer three million shares of its 
common stock to the public subject to 
effectiveness of registration with the Se- 
curites and Exchange Commission, 


Bell Canada Signs For 
NTI Cellular Radio Equipment 

Bell Canada has signed a contract with 
Northern Telecom for switching and 
control equipment to be used in cellular 
mobile telephone service. Northern 
Telecom will also supply equipment 
manufactured by General Electric under 
the agreement. valued at $5 million, 


Pace Seeks Distributors 
For Cordless Telephones 

The Pace Communications cordless 
telephone distributor progrant is “based 
on solid project margins for both the 
distributor and dealer. outstanding fac- 
tory support and ‘clean’ distribution.” 
said Pace sales vice president Jim Rey- 
nolds in announcing that the company ts 
seeking qualified distributors, 

The cordless telephone manufacturer. 
based in Harbor City. California. offers 
support aclivities, protected profit: mar- 
gins. assigned distributor territories and 


a private label program. im, 


SYSTEMS ENGINEERS 
CELLULAR— TRUNKING — PAGING 


KATHREIN professional antennas are known world- 
wide for long, trouble-free service under the most adverse 
environmental conditions. Experience as sole base station 
antenna supplier for the Nordic Mobile Telephone (cellular) 
System at 450 MHz means we can optimize your 800 MHz 
system’s performance as well. 


Our computer-designed arrays of broadband panels can 
also provide solutions to your most difficult propagation 
requirements — some customers are combining both trunk- 
ing and paging in one antenna system. This engineering 
assistance is free as part of our proposal in response to 


your RFQ. 


26100 BRUSH AVE., SUITE 319. 
CLEVELAND, OHIO 44132 
(216) 289-1271 TX 6873064 
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HATHREIN 


PROFESSIONAL ANTENNA SYSTEMS 
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You cant Motorola components are 


designed to the exact 


be up to par specifications of your radio. 


Outstanding performance-in any field—is the 


. result of precise equipment compatibility. Not 
| your compromise. 
® That’ why only Motorola can supply 
e Ul ment channel elements, crystals and reeds so 
perfectly designed to the exact 
# 3 specifications of your present Motorola system. 
1sn t Because only Motorola gives you the same 
9 uncompromising quality in its replacement components as 
in its original equipment. 
Motorola uses the highest standards to perfect the finest 
frequency components possible. We grow our own 
quartz to be used in each crystal. 
Each is checked and double 
checked at every assembly 
Z ne a stage—under a wide range of 
t, Fas temperature conditions. 

ge R> 

ww 


Assembly is done in a 

dust-free “Class 100 Clean 

Room,” under the most ideal 
temperature and humidity 
conditions. This assures a 

crystal that will perform to 
perfection, staying on frequency 
within a few parts per million per 
year... backed by a 10-year warranty. 


Motorola crystals—made for your radio. 


To get your crystals fast, call 
1-800-323-1570, toll-free, any time of the 
day or night. In Illinois call collect: 

(312) 451-1297, TWX 910-227-0799, and 
TLX 433-0067. 


Motorola Component Products 
(RPO Sales), 2553 N. Edgington St., 
Franklin Park, Illinois 60131. 


(AA) MOTOROLA INC. 


Communications Systems Division 
Component Products 


i 
\ * § ® and Motorola are registered 


weemestitrademarks of Motorola, Inc. © Motorola, Inc. 1983 
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Rugged DC-to-DC Converter | 
Withstands 3000 Volt Spikes 


By Christopher Ely, Project Manager 
Wilmore Electronics Co.. Inc. 


High voltage, high energy transients can destroy microprocessor-based | 
communications equipment. Land mobile radios used by railroads can be 
protected by converter design which removes up to 3000 volt, 90 joule transients. 


perating land mobile radios on 
locomotives and mass-transit 
railroad vehicles presents sys- 
tems designers and equipment specifiers 
with formidable challenges. Mechanical 
design considerations include severe 
shock and vibration environments that 


A sharp, audible report and a shower of sparks accompany the closing of a knife switch as a 3000 volt, 90 joule transient is impressed across 


input terminals of a DC-to-DC converter. 


a2 


can produce destructive shocks and and 
resonant frequencies that literally shake 
equipment apart. The electrical envir- 
onment of a railroad vehicle presents an 
even tougher challenge.’ 

Main electrical power buses aboard 
the vehicle (usually a nominal 36 VDC or 


* aT 


- 


72 VDC) must be converted to a nominal 
13.6 VDC while protecting the mobile 
radio from floating grounds, widely fluc- 


‘Mason, John F., “The LIRR: a sys- 
tem riding on troubled tracks,” /EEE 
Spectrum, December, 1979, p. 33. 
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Mobile Radio Technology 


DC-to-DC converters power land mobile radios on railroads, withstanding severe shock and 
vibration combined with electrical surges, and providing up to 200 watts output power. 


tuating vehicle voltages, and several- 
thousand-volt, high-energy transients. 

A mechanically rugged DC-to-DC 
converter that can efficiently convert the 
varying input source to a regulated 13.6 
VDC output while protecting the mobile 
radio from input transients and displaced 
grounds can be the most economical 
solution. 

Mechanical problems for both con- 
verter and mobile radio are straight- 
forward and can be effectively solved by 
good construction techniques and atten- 
tion to detail, including thoughtful use of 
staking and locking compounds on larger 
components and mechanical fasteners. 


The electrical problems, however, are 
difficult to quantify, and, once quan- 
tified, they defy simple solutions. 
Electrical systems on railroad vehicles 
are subject to a variety of transient- 
producting phenomena. Spikes and noise 
from high current alternators, switching 
of heavy electrical Joads such as air con- 
ditioners and intermittent electrical faults 
in other parts of the system can all cause 
damaging voltage transients to appear on 
input wiring to- sensitive equipment. 
Perhaps the most severe transients are 
high-energy pulses generated by electri- 
cally powered mass transit cars. Massive 
power surges, created by switching hun- 


Fig. 1—DC-to-DC converter with internal filter withstands severe energy transients from its 
railroad power circuit input. Land mobile radios powered by the converter sustain no damage 
or performance degradation during the transients. 


dreds of amperes of DC current, can be 
inductively coupled to power buses that 
run directly to unprotected electronic 
loads. These transients can be mean- 
ingfully quantified by defining two 
parameters of the transient waveform: 
peak ampliftude (VDC) and energy con- 
tent (watt-seconds, or joules). 

Studies on a variety of railroad ve- 
hicles have indicated that surges of 1000 
to 2000 VDC in amplitude and more than 
50 joules in energy content are not un- 
common, prompting conservative equip- 
ment specifiers to request that com- 
munications equipment withstand tran- 
sients up to 3000 VDC and 90 joules. 

A better understanding of the mag- 
nitude of such a transient can be achieved 
by use of the equation E = CV", 


E = energy in joules, 

C = capacitance in farads, and 

V = potential in volts. 

Given a 3000 VDC, 90 joule transient, 
solving the equation for the variable C 
would show that the transient is equiv- 
alent to the energy stored in a 20-mi- 
crofarad capacitor charged to 3000 
vpc, 

. A word of caution: these voltage and 
energy levels being dealt with are cer- 
tainly dangerous, even lethal, and con- 
siderable forethought and care must be 
exercised should one decide to reproduce 
this transient for test purposes. A 3000 
VDC, 90 joule spike is always looking 
for new and unexpected discharge paths, 
and it simulates a darn good small light- 
ning bolt when it finds one! 


The Converter 

Figure | shows the functional diagram 
of a 72 volt to 13.6 volt converter that 
provides a well regulated, well protected 
DC output to its mobile radio load. The 
converter can withstand input transients 
of up to 3000 VDC in amplitude and 90 
joules in energy content. These tran- 
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sients are attenuated by the integral input 
filtering circuit and presented at the input 
of the regulation stage along with the 
nominal 72 VDC input from the rail 
vehicle. 

The regulation stage has an extremely 
wide range of accommodation and regu- 
lates nondissipatively to provide a rela- 
tively constant input voltage to the iso- 
lation stage. This next stage provides 
more than 3000 VDC isolation between 
its input and its output, which is then 
filtered by the output filter stage and 
provided to the mobile radio load. 

A 200 watt converter of this type can 
be small (less than 0.3 cubic feet) and 
lightweight (less than 7 lbs.). It can ac- 
cept a wide input voltage range, operate 
over a wide ambient temperature range 
(convection-cooled) and provide a well 
regulated, low ripple DC output. 

The flexibility of its design allows for 
scaling of input transient protection, out- 
put power levels, and input/output volt- 
age combinations to meet virtually any 
requirements found on today’s railroad 
vehicles, including “third-rail” powered 
mass transit cars. 


3000 YDC 
SOURCE 


BENCH 

POWER 

Bupeey 4.KV RECTIFIER 
(PROTECTS BENCH 
POWER SUPPLY) 


DC-TO-DC 
CONVERTER 


Fig. 2—Bench test set-up applies a 3000 volt, 90 joule transient spike to the input of a 


DC-to-DC converter. 

Testing the ability of a piece of electri- 
cal equipment to withstand the acral 
transients found on a particular railroad 
vehicle is time consuming. The only way 
to genuinely do this is to install the 
equipment to be tested on the vehicle and 
let it run, perhaps for years. 

A practical bench test has been de- 
veloped, however, that allows testing the 
equipment to a particular transient- 
withstand specification. The test is a 
worst-case one when correctly done be- 
cause it does not make use of the input 
source impedances which exist in actual 
railroad vehicle wiring and which would 


reduce the amplitude and energy content 
of the spike. 

Figure 2 shows the simplified sche- 
matic diagram of a test set for producing 
a 3000 VDC, 90 joule transient energy 
spike directly across the input of a DC- 
to-DC converter while it is operating. 
The converter is powered by a bench 
power supply whose output is protected 
from the spike by diode isolation in the 
positive lead. This diode isolation also 
prevents the output filter of the bench 
power supply from attenuating the test 
transient, 

Switch SI is closed to pole | and 


When dependability 


counts... 


you can count on Multtiplier...the long life battery. 


People in Communications who know batteries choose 
Multiplier. Our batteries are powering portable radios, pagers 
and instruments in all continents of the world and all fifty states. 
For over eight years Multiplier customers have continued 


to use our batteries because of their proven per- 
formance, reliability, rugged construction and 


service. We ship within 24 hours. 


Order the best, most dependable battery. 
Call Multiplier Toll Free 800-642-2424. 


U.S. Government agencies 
may order under GSA Contract 
#GSO0K8401S0177. 


Request our new 12 page Catalog 
with complete specifications for 
over 200 NiCad, alkaline and 
mercury batteries for transceivers, 
pager, industrial and custom 


applications. 


Multiplier Industries Corp. 

464 South Tenth Ave.. Mt. Vernon, NY 10550 
In NYS: 914-699-0990 Outside NYS 800-642-2424 
Telex: 220883 TA UR 


Rechar 
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Multiolier 
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Transceiver Battery 
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MUA TIPGIER INDUS IMIES Comp, 
ort 


464 SOUTH Fam AVENUE 
MAT VEAIMNOMs Fev 10350 Maton U8 A 


Warning: plese: 
a Gnenr it Gnpeved ot 


* bert eer 


samenerene Sanne 
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2760 Robie St, Halifax, Nova Scotia B3K 4P2 


INTRODUCING TELENEXUS™ FROM RITRON... 


‘THE PHONE LINE 
THAT ISN'T THERE 


FINALLY...A COST-EFFECTIVE WAY FOR YOU TO PROVIDE 
PHONE SERVICE WHERE IT WASN'T AVAILABLE BEFORE 


TELENEXUS from Ritron can service. With 50 foot antenna 
extend telephone service as \ towers TELENEXUS has an 

far away as 70 miles from the \ effective range of 20 to 30 miles 
termination of existing wirelines. over level terrain, and the range 
Now your customers can have can be increased to 50 to 70 miles 
fled service in areas ae ve by using higher towers or sites. 
phone company can't reach. The Unlike rural radio telephone 
flexibility of TELENEXUS allows systems, TELENEXUS' acquisition 
permanent or temporary service at cost is amazingly low and, since the 
a fixed or mobile location, making phone company can’t charge a 

it ideally suitable for remote sites, TELE > monthly fee for equipment it doesn’t 


construction trailers and other own, the pay-back period is very 
areas where running a line is quick. That makes TELENEXUS a 


cost-prohibitive. PHONE LINE EXTENDERFROMRITRON —_—narticularly attractive investment 
TELENEXUS is a highly effective radio link system that for businesses. 

operates on either UHF-FM (450-470 MHz) or VHF-FM — Write or call us today. We will be glad to tell you more 
(150-160 MHz)to provide high quality, low noise about TELENEXUS. It really has people talking. 


148 West Carmel Drive, P.O. Box 1998 
Carmel, IN 46032 USA 
TX: 317/846-1201 TWX: 8102603967 RITRONINC CRML 
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ONE FREE CALL CONFIRMS IT ALL Ek > 


THE BEST 


PERFORMANCE SO GOOD...PRICING SO ATTRACTIVE 
... QUALITY SO OUTSTANDING WE GUARANTEE YOU WILL BE HAPPY 
..-OR YOUR MONEY BACK! 
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BUY AT SPECIAL INTRODUCTORY PRICING! 
BNC Connector $4.95* each. HT or MX $3.60* each. PS (TNC) Connector $5.10* each. 

Specify: Quantity Frequency Long, Mini or Whip Connector: BNC, MX, HT or PS 


Ship to: Name Company _— —E = 
Steet 
City State _ Zip 


i Enclose check with order. Established customers will be shipped open account. * Offer expires in 30 days. 
Mail to: TESSCO Incorporated, 101 Lakefront Drive, Cockeysville, MD 21030 
Better Yet Call Free 1-800-638-7666, In Maryland 1-800-492-7666 
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In Maryland 1-800-492-7666 
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Fig, 3A—High voltage spike from a 20 
microfarad capacitor ts discharged across 
the input terminals of DC-to-DC converter. 
allows a high voltage power supply to 
charge a 20 mfd capacitor to 3000 VDC. 
The switch is then closed to pole 2. 
abruptly jolung the input to the DC-to- 
DC converter with the full 3000 VDC, 90 
joule transient. Leads from the capacitor 
to the input of the converter should be 
short to reduce their impedance and en- 
sure that the converter is subjected to the 
full violence of the test transient. 
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Fig, IB—Ouiput voltage of converter re- 
mains unchanged during input transient, 


Not only is it important that the con- 
verter withstand the transient, but it must 
also attenuate the transient to the point 
that no degradation of operation occurs 
in the mobile radio that it is powering. 
The oscilloscope traces shown in Figure 
3 are photographs of the input and output 
voltages appearing at the terminals of a 
converter of the type shown in Figure 2 
during a high-voltage transient test. 

The first trace shows the input to the 
converter rising to a 2.8 KV peak and 
gradually decaying back to the input 
voltage level. The second trace is the 
steady 13.6 VDC output for the duration 
of the input transient test conditions, 
Also, the simplified schematic in figure 2 


antary PYS4 


is just that — simplified. Adequate safety 
provisions must be provided when con- 
structing such a test set, including but not 
limited to such considerations as ade- 
quale lixture insulation and remote en- 
abling of switch S1. 


Conclusion 

Hundreds of DC-to-DC converters of 
this type are in service worldwide on 
diesel and electric locomotive, mass 
transit cars and light rail vehicles. They 
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are reliably powering mobile radios, 
public address systems and other sen- 
sitive electronic loads. 

The ability of these converters to sur- 
vive the harsh mechanical and electrical 
environments of diesel and electric rail- 
road vehicles offers systems designers, 
manufacturers, and installers an econ- 
omical means of powering virtually any 
electronic equipment, including 
microprocessor-based systems, in rail- 


road applications. im, 
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Intermod Control—Part 5: 
Receiver Multicoupling 


By William F. Lieske 
EMR Corporation 


Receiver multicoupling reduces intermodulation interference and the need for 
separate receiving antennas. In this installment of the intermod article series, 
noise figure is defined and multicoupling methods and devices are discussed. 


eceiver mullicoupling allows re- 
ception using two or more 
receivers connected to a com- 


mon antenna with equal —or bet- 
ter!—performance than could be ob- 
tained with each receiver using a ded- 
icated antenna. 

The first important factor in per- 
formance is receiver sensitivity, ov the 


ability of a receiver to produce a demod- 
ulated signal output of a stated charac- 


teristic measured against the reference of 


a modulated signal input of a given 
strength. In amplitude modulated sys- 
lems. sensitivity has been defined in 
various ways. For example. one fune- 
tional definition of minimum sensitivity 
requires an input level (measured in 
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40 dB 40 
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microvolts) of a 30% modulated signal to 
produce a signal plus noise output 10 dB 
above the no-signal noise output. 
Factors that more specific measure- 
ments may determine include the 
receiver's RF bandwidth. audio fre- 
quency response. hum levels and demod- 
ulated signal distortion. Where special 
modulation systems are employed such 
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Fig. 1—Receiver multicouplers combine preselectors with amplifiers. Preselector responses are tailored to fit site requirements. Pass-reject 
preselector response curve (A) shows 70 dB rejection of transmitters on 450 MHz frequency pairs. Bandpass only preselector response curve 
(B) has limited rejection and would require at least 65 dB of isolation provided by antenna isolation to reject transmitter carrier and noise. 


30 Mobile Radio Technology 


as single sideband suppressed carrier 
(SSB). amplitude compandered single 
sideband (ACSB), and others. various 
standards have been developed accord- 
ing to the system involved. 

For frequency modulation systems 
employing a wide modulation index like 
that used in commercial broadcast. one 
particular set of sensitivity. measuring 
standards is used. For vehicular eom- 
munications” narrow band systems. the 
only standard used for many years was 
20 dB quieting. This referred to the am- 
ount of unmodulated signal (in micro- 
volts) necessary to reduce the receiver's 
no-signal audio noise output by 20 dB. 

Within the past 15 years the 12 dB 
SINAD measurement method has be- 
come more or less standard. This ap- 
proach relates recovered modulation ref- 
erenced to noise aad distortion. 

Note that noise is always a factor in 
sensitivity measurements. Since man 
made, atomospheric and even solar noise 
impinges on the antenna, the nature and 
levels of these noises influence effective 
site signal-to-noise ratios. Beyond this, 
all elements of the receiving system in- 
cluding the antenna, line, fittings and the 
receiver circuits themselves generate 
thermal agitation noise resulting from 
inherent random molecular motion. This 
phenomenon was described in consider- 
able detail ina two-part article published 
in MRT. > 

The term noise figure is used to rate the 
capability of a receiving system to detect 
a signal against a reference level of 
noise. The receiving system includes one 
or more receivers and pre-amplification 
devices. The detection capability of the 
real system 1s compired to that of a 
theoretical, noiseless receiver. 

The noise figure Is a ratio of two ratios: 
The signal-to-noise power ratio of the 
receiving system to the noise power ratio 
of the theoretical. noiseless receiver. The 
result is expressed in dB. 

The lower the noise figure. the better 
the receiver, Greater signal sensitivity 
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No. of Outputs 


No. of Splits 


Nominal Loss (dB) 


3.1-3.3 

6.2-6.6 

9.3-9.9 
12.4-13.2 
15.5-16.5 
18.6-19.8 


Table 1—Nominal insertion losses for splitter and divider combinations up to 64 channels. 


results from the receiving system's abil- 
ity to discriminate between desired sig- 
nal and noise. 

The expression third order intercept 
potue applies to the first stage ina receiv- 
ing system (as does noise figure). A third 
order intercept: measurement indicates 
the receiver's ability to accept a range ot 
signal power levels without generating 
intermodulation products within the re- 
ceiving system itself. The third order 
intercept measurement defines a level at 
which two signals applied simultaneous- 
ly to the receiver's input will drive the 
first stage amplifier into nonlinear opera- 
tion and produce a measured third order 
(2A-B) intermodulation product. 

This measurement requires carefully 
controlled laboratory conditions if it ts to 
be accurate. However. it does provide a 
reliable comparison between amplifiers. 
whether they are an integral part of a 
receiver or inserted between the antenna 
system and one or more receivers, Third 
order intercept is expressed in dB refer- 
enced to | milliwatt of signal power. or 
dBm. 

The higher the rating. the better the 
dynamic range of the amplifier. Modern 
wide dynamic range. broad coverage 
amplifiers approach +40 dBm third 
order intercept ratings. 


Preselectors. Power Dividers 
Two other devices are common to 
receiver multicouplers: preselectors and 


power dividers, A preselector is a filter 
used to shape the pass and reject band 
responses lO signals reaching the input of 
the amplifier stages of the receiving sys- 
tem. Figure | shows the responses of two 
typical preselector types. Note that the 
pass-reject type allows received signals 
over a | MHz range to be passed, while 
rejecting by 70 dB or more paired trans- 
milter signals in a group 5 MHz lower in 
frequency. 

Where sufficient antenna isolation is 
available, a bandpass preselector may be 
selected to provide a 5 MHz pass band 
and 3 to 4 dB per MHz of added rejection 
above and below the desired receiving 
frequeney range. But at many 450 MHz 
repeater sites, the highest of the paired 
transmit frequencies would be very near 
to the lowest receiver frequencies. Spe- 
cial preselector designs and charac- 
teristics are required. 

To feed N receivers from a common 
source, the input must be divided V ways 
while maintaining matched impedances 
atall ports. It is also desirable to provide 
isolation between all receivers to prohibit 
coupling of any possible first mixer in- 
jection frequency “bleed through” or 
intermodulation interference generated 
in any receiver front end from reaching 
any other receiver. For these reasons, 
signal power dividers (sometimes called 
splitters”) based on hybrid coupler prin- 
ciples are used to provide coupling and 
isolation simultaneously, 


Many successful designs use Wil 
Kinson type splitters (see “Entermud 4.7 
Oct. L983 MRT, page 40) with cither 
line sechons of equivalent lump constant 
circuitry. 

Properly designed. each two way split 
can be made with 3.1 to 3.3 dB of Toss, 
25 dB oor more of isolation between 
receiver ports and several octaves of 
bandwidth. Table [ shows nominal in- 
seruon losses for various splitter or di- 
vider combinations up to 64 channels. 

Although other combinations of 
power dividing can be arranged, the 
losses due to components, cables and 
connectors will be within these ranges. It 
Is accepted practice lo terminate any un- 
used ports with a law power S0-ohm 
termination to maintain good impedance 
matches and balance throughout the di- 
vider system and prevent signal leakage 
from an open, unterminated port. 

Figure 2 shows a functional block dia- 
gram of a straightforward eight-channel 
multicoupler. The antenna teeds a band- 
pass or pass-reject preselector which 
feeds the amplifier, driving an eight-port 
power divider. Seven 2-way hybrid di- 
viderelements are shown ina “Christmas 


BROAD BAND 
RECEIVING 
ANTENNA 


tree” arrangement. A suttable power 
supply operating from standard [15 
VAC power or optional inverter- 
regulator supply to operate from DC 
sources provides filtered and regulated 
DC power to the amplifier, 

Figure 3 shows the mechanical layout 
of such a multicoupler: a [2-channel 466 
to 470 MHz bandpass preselector- 
equipped unit that occupies 7” of relay 
rack Or equipment cabinet space. Vari- 
ous designs and models are available on 
the market with similar mechanical 
layouts. 

Preselector designs and sizes vary 
widely according to system need — up to 
a full cight-foot relay rack of cavity res- 
onators and related apparatus for unique. 
custom response-shaped systems. 


Receivers 

Most modern two-way fixed station 
receivers are vasUy improved over those 
used ten to fifteen years ago. Consider 


able progress has been made in receiver 


preselector stages. Many use high qual- 
ity multi-clement helical resonator fl- 
ters, Low noise balanced mixers are em- 
ployed. Single conversion lattice crystal 


filter intermediate stages operating at 
frequencies of 3 MHz or higher provide 
edcellent image response and first mixer 
injection signal radiation rejection, 

Unfortunately, less sophisticated cur- 
rent production receivers. or those ten to 
fifteen years old. are still found in dense 
site service. Such receivers may have 
bipolar or low power JFET RE amplifier 
stages. tiple conversion designs with 
inordinately broad first IF stage re- 
sponses, or other deficiencies, 

The RE amplifier stages for some re- 
eeivers may have a third order intercept 
10 dBm. Third and filth 
order intermodulation products are pro- 


as poor as 


duced readily when these receivers are 
subjected to several signals of a few 
hundred to a few thousand micrevolts 
each within the broad input stage selee- 
UNITY response. One such receiver pre- 
sented a first mixer injection frequency 
signal of over SO microvolts to its 
antenna jack! 

No amount of careful muldcoupler 
design will correct the inherent short- 
comings of an inadequate receiver de- 
sign. Dense site situations require state- 
of-the-art receivers. designed for fixed 
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Fig. 2—Khight-channel multicoupler uses preselector with standard bandpass, custom pass-reject or other characteristics to meet system 
requirements. Low noise figure wide range amplifier uses available 12, 24 or 48 VDC power source and power supply to provide 20 to 36 VDC 
required by amplifier. An 8-way power divider is composed of seven 2-way elements. 
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installation with the best avatlable 
shielding. intercabling, filtering and by- 
Passing. 

Occasionally. a good multicoupler 
will help improve the performance of a 
so-so receiver due to preselector and low 
amplifier noise figure characteristics. 
However, receivers must be examined 
for spurious radiation and suscepubility 
to unwanted response even as transmil- 
ters are evaluated as a source of inter- 
ference problems. 

The characteristics of the first stage of 
amplification in a receiving system will 
determine the system noive figure, Any 
losses or sources of noise preceding that 
stage will serve to degrade the effective 
system noise figure. Forexample an am 
plifier by itself may have a noise figure of 
3 dB. There may also be 1.5 dB of line 
loss [rom the common antenna and a loss 
of 2.5 dB in the preselector. 

These losses increase the amplifier 
nuise figure dB for dB. In this case the 
effective system noise figure rises to 7 
dB. Something may be done about the 
line loss. But where very narrow re- 
sponse, sharp skirt selectivity filters are 
needed. insertion loss will be higher. 
Therefore. certain compromises must be 
accepted in preselector filter design, con- 
sistent with overall performance needs. 

One approach is to determine the site 
noise environment prior to establishing 
the final multicoupler design. The meas- 
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urement shown in Fig. 4 reveals meas- 
ured sensitivity “masking” In a receiver 
of known performance. With the antenna 
removed and the antenna end of the “iso- 
tee terminated with a good 50-ohm load 
termination, the receiver's 12 dB SINAD 
sensitivity Is measured. The load termin- 
ation is replaced with the antenna feed 
line and the 12 dB SINAD remeasured. 
The difference in the two measurements 
isa fairly accurate estimate of the site 
noise. For example. if 0.3 microvelts ts 
measured as reference sensitivity. and 
QO.8 microvolty is measured with the 
antenna connected. (a situation not too 
uncommon at dense sites!). the best 
usable sensitivity with that will be about 
Q.8 microvolts regardless of noise figure 
of the receiving system alone. 

In this case the system effective per- 
formance might be improved with a very 
sharp preselector filter (even though it 
has 3 to 4 dB of insertion loss), since 
some of the broad band noise that other- 
Wise masks the desired signal would be 
rejected. It can also be seen from this 
example that if excess gain were pro- 
vided in the multicoupler, no true benelit 
would be gained since both site noise and 
desired signals would be amplified 
equally. 

At a site relatively free of noise. sev- 
eral dB oof gain over that required to 
overcome preselection and power divid- 
ing losses may be used with good results, 


Fig. 3—Mechanical layout of a 12-channel, 450 MHz receiver multicoupler. 


Too much gain, however, can cause re- 
ceivers to be overdriven into front-end 
intermodulation product generation, or, 
if the receiver has front-end AGC, the 
receiver may be desensitized by strong, 
amplified off-channel signals. 

During the past few years. several 
manufacturers have developed multi- 
couplers thal use tower-mounted pre- 
selectors and ampliliers to overcome the 
loss in effective noise figure caused by 
long transmission lines. Such a design is 
shown in Fig. 5. A weatherproof housing 
encloses a preselector, amplifier and RF- 
DC coupler permitting DC power for the 
amplifier to be conducted by the feed- 
line, The rack mount chassis contains 
another DC coupler. power dividers and 
a power supply. Actual improvement in 
effective sensitivity of 7.5 dB has been 
measured in a 16-receiver. 450 MHz 
system with the receiving antenna moun- 
ted atop a 180-foot tower. An improve- 
ment of over 9 dB has been measured ina 
20-channel trunk. 800 MHz system 
using arecelving antenna mounted atop a 
120-foot tower. 


Lightning Hazard 

This dramatic improvement ts not 
without potential hazard. however. 
Placing the amplifier at the top end of the 
coaxial line reduces the swamping etfect 
of the line on lightning spike energy. 
making the amplifier more vulnerable to 
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lightning damage. Also. the effects of 
wind. vibration, moisture, temperature 
change and other environmental condi- 
tions places greater strain on amplifier 
design and component characteristics. 

The use of a specially designed. 
grounded loop type. port-coupled pre- 
selector and DC coupler protected by 
metal oxide varistors (MOY). high pulse 
power rated Zener diodes, other filtering 
and a very high grade amplifier, have 
prevented failures at a number of loca- 
tions with high lightning activity over a 
2-year test conducted by the author. 

A well designed multicoupler pro- 
vides many benefits, With proper pre- 
selector design, optimum filtering ts pro- 
vided. The performance of all receivers 
in the overall system is enhanced by a 
low noise figure, wide dynamic range 
amplification and the most favorable lo- 
cation for the common receiving 
antenna. With proper site analysis and 
design, much greater freedom is pro- 
vided for the deployment of transmitting 
antennas to best suit a coordinated com- 
bining plan. 
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The major shortcoming is that all of 
the eggs are in one basket. [f the multi- 
coupler fails, or its antennas or line de- 
grades or fails. aff receivers may be de- 
graded or out of service. For this reason. 
standby capability is recommended 
whether the multicoupler is installed in 
the equipment or tower-mounted. 

A spare receiving antenna and line, 
and a spare or stand-by preselector- 
amplifier. allows service to be restored 
with a flip of a power transfer switch and 
a jumper cable change from the main 
amplifier output to the spare to feed the 
common power divider system, The cost 
is minimal compared with the loss of 
service costs or unscheduled emergency 
conditions. 

There is a lot of interest in the rela- 
tively new GaAs FET amplifiers now on 
the market. These devices can produce 
30 dB gain with noise figures as low as 
0.5 dB. They can make most dramatic 
differences in receiver performances 
where low site noise floors exist and 
sufficient isolation between transmitting 
and receiving antennas is available. 
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Fig. 4—Sensitivity ‘masking’ is revealed by measurement setup and procedure. (1) With a 
50-ohm test terminator connected to the “tee,” a signal level is established that produces a 12 
dB SINAD reading. (2) With the terminator removed and the antenna reconnected, signal 
level is increased to re-establish a 12 dB SINAD reading. The difference in signal levels 


determines the site noise floor (see text). 
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Throw your 
money away 


a 


That's absurd isn't it? Thousands of smart 
two-way radio dealers do it every day... 
unknowingly. Over the years, original 
equipment manufacturer's have said that 
you could not change the frequency in an 
old channel element, and that you must 
buy a new element for the new frequency &> 
desired. They say this is | 
necessary so the new 
element can be ~ ae 
calibrated, and if 
required, compensated prs 
to meet “ original self 
equipment specifications. Qayg 

e feel far avery time Ww 
you throw a used element 
in the trash can that 
you are throwing your 
money away. 
Changing the frequency 
of a channel element 
requires a new crystal. 


International has been 
manufacturing the finest ake 


element itself to assure that it is working 
properly. If it is necessary to replace 
components in the element, we can do so 
from our large inventory of replacement 
parts. When the element is determined to be 
working within it’s original specifications, 
the new crystal is installed and 
further testing begins. The 
element is first tested for 
trimability. The output is 
checked to see that it 
meets or exceeds the 
original manufacturer's 
specifications. Elements 
that are actively 
modulated are tested 
under load conditions 
and adjusted to meet 
specifications. Using 
computer controlle 
temperature test 
chambers, the element is 
subjected to temperature 
vs frequency tests, and 
compensated until 


artz oe for over eat nN specifications are met. After 
0 years. The crystals we “lt compensation, all tests are 
manufacture carry an ON ee repeated to assure that the 
unusual guarantee, the S- > operation of the element 
are guaranteed FOREVER il meets or exceeds the original 


when used in the equipment 

for which they were 

designed! For the past 

15 years, we have been 

replacing the original 

crystals in elements sent to 

us by our customers. We 

also compensate, adjust or 

repair as required to assure that the 
element meets or exceeds the original 
manufacturer’s specifications. 


When we receive elements from our 
customers, they are subjected to a series of 
rigid tests. The first step is testing the 


_equipment manufacturer's 
“specifications. 
aaa ( Base 
coun 4 Quite often, we are asked by 
our customers to provide the 
element along with the crystal. 
For the past shtedal years, International 
has acquired a large inventory of used 
elements which have been reconditioned or 
more precisely, remanufactured to meet 
specifications. We can supply these 
elements, with crystals when requested. 
Please call or write our sales department 
for further information on ICM 
Remanufactured Channel Elements. 
/ 
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INTERNATIONAL CRYSTAL MANUFACTURING CO., INC. 


10 N. LEE P.O. BOX 26330 


OKLA. CITY, OK 73126-0330 


(405) 236-3741 


Reader Service No. 27 


Unfortunately, the third order inter- 
cept performance of currently available 
GaAs FET devices is in the area of +15 
to + 18 dBm, which makes them vulner- 
able to overload under moderately dense 
site conditions. When the situation per- 
mits. GaAs FET amplifiers can be used 
with great success in mullicoupling. 

However. where site characteristics 
dictate a higher dynamic range, there are 
multi-junction bipolar devices capable of 
noise figures below 3 dB and third order 
intercepts approaching 40 dB. These de- 
vices usually operate best at voltages 
from 20 to 30 volts DC and consume 
several times the power of the FET series 
to handle relatively large 
amounts of signal power before reaching 
saturation, Both current and voltage 


devices, 


regulation plus generous RF filtering and 
bypassing is a must for any amplifier 
power source. Stable bipolar stages can 
produce up to 20 dB of gain, are ex- 
tremely reliable and highly immune to 
failure due to spike or overload damage. 

Vertical metal oxide semiconductor 
(VMOS) devices appear to possess both 


pres ' bs 


PORATION 
TOME stone, 
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The TK-710 monitors all 

CTCSS tones on your shared channel. 
Ideal for community repeaters. Connec 
to scanner, receiver, or tone panel. Di 
quency, accumulated user time and n 


for each tone in use. Has RS232 output; optional print- 
er. A must for every shop! Programmable activity out- 


|GSC| CONTROL SIGNAL CORPORATION 


1855 W. Dartmouth Ave., #11* Englewood, CO 80110 
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SPECIAL GROUNDED LOOP 
PORT COUPLED 
BANDPASS PRESELECTOR 


TO ANTENNA 


DC COUPLER-FILTER 
WITH SPIKE PROTECTION 


INPUT FROM FEEOLINE 
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&-WAY DIVIDER 


2-WAY 
DIVIDER 
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Ta ORD 
Ourpyy ‘ INTER 


Enagre, 
OSagie 


PRINT 


ts 
splays tone fre- 
umber of “hits” 


* (303) 762-1230 


Reader Service No. 28 


MOUNTS TO 


—<—§|§|§§#$§{| 1-212" PIPE 


SUPPORT 


WEATHERPROOF 
-“———ENCLOSURE 
(COVER REMOVED) 


WIDE RANGE 
LOW NOISE 
AMPLIFIER 


DC COUPLER-FILTER 
WITH SPIKE PROTECTION 


TO COAXIAL 
FEED LINE 


RACK MOUNT 


Pl CHASSIS 


REGULATED 
POWER SUPPLY 


8-WAY DIVIDER 


Fig. 5—Components of 16-channel, tower mounted receiver multicoupler system. Tower 
mounted init (A) houses preselector and DC coupler, Rack mounted unit (B) houses power 
dividers, power supply and DC coupler. 


_Tone Monitor Timekeeper™ 


SYSTEn 


put allows you to tape record selected user. Dealer 
cost $535. Write or call for brochure. 


Manufacturers of Automatic Number Identification 
(ANI) Systems, The Tone Monitor Timekeeper™, 
and Morse Code Stations Identifiers. 
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Communicate... 
with electricity from the sun. 


Photovoltaic generators are finding an ever larger 
place in the communications industry as the 
worldwide need for information expands. 

ARCO Solar photovoltaic systems have a number 
of outstanding advantages in powering remote 
communications equipment: 

Reliability: The ARCO Solar precedent-setting 
metal-back, glass front modules have proven 
themselves again and again in the field. Each 
module is a solid-state electric generator and the 
systems, including batteries and controllers, have 
no moving parts to wear out. No combustion 

is generated. 

Independence: Solar modules convert sunlight into 
electricity wherever the sun shines. They do not 
require utility lines or fuel storage tanks. 


Reliability, Independence, Modularity, Economy, Safety. ARCO Solar is your best choice 
for communications power. To get all the facts, contact: 


Modularity: As power requirements increase, solar 
modules, controllers and batteries can easily be 
added to an existing system. 

Economy: In a majority of remote communications 
applications, ARCO Solar systems cost less than 
installing power lines over any significant distance. 
Compared with small diesel generator sets, solar 
system life-cycle costs are often less. 

Safety: Solar electric systems produce no noise, 
vibration or waste products. They are safe and can 
be used in any setting without damaging 

the environment. 


ARCO Solar’ < 


Photovoltaic Products 
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The New, Dynamic 


HENRY RADIO 


... serving the electronics industry for 54 years . . . so far. 


2050 S. Bundy Drive / 
Los Angeles, CA 90025 


Phone 1-800-421-6631 (in Callfornia, call (213) 820-1234) 


Please send me more information on ARCO Solar Power Systems. 


Name 
Address 


City —_________________________ State 


low noise and high third order eharac- 
teristics. Thus far, however, production 
units for operation much above 100 MHz 
are not available. Further developments 
in workable VMOS for higher frequen- 
cies are anticipated, 


Summary 

Receiver multicouplers are a com- 
bination of a preselector and an ampli- 
fier. The preselector is chosen to suit the 
range of receiving frequencies and (if 
required) reject certain transmitter fre- 
quencies and noise. The amplifier has 
sufficient gain to overcome preselector 
and power division losses. 

Receiver multicoupling and transmit- 
ter combining are required when a site 
includes many duplex stations or is bur- 
dened with unacceptable interfcrence or 
both. 

Adequate isolation must be available 
between the common receiving antenna 
and various transmitting antennas to se- 
cure the necessary rejection of both 
transmitter carrier and noise. Such iso- 
lation is often obtained with collinear 
spacing of at least 35 feet at 150 MHz, 20 
to 25 feet at 450 MHz and 12 to 15 feet at 
800 MHz between the bottom of the 
receiving antenna and the top of the near- 
est transmitting antenna for each band. 

Reduced collinear spacing may be 
used in conjuction with special pre- 
selector designs and additional transmit- 
ter noise filtering. At sites which provide 
only horizontal spacings, as in rooftop 
installations, acceptable antenna place- 
ments may best be determined by making 
trial antenna installations and measuring 
actual antenna to antenna decoupling. In 
cither type of installation, a transmitter 
IM calculation must be made to deter- 
mine necessary intermod suppression re- 
quirements as a part of the total site 
planning program, 
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rectly tnvolved with radio communica: 
tions for more than 40 vears. He has 
experience in military communications 
and radar, broadcast radio field engi- 
neering, and management of a statewide 
nvo-sray communications systent. Bill 
Lieske worked as an account executive 
and in salex management for a major 
aveavay manufacturer and operating 
manager of a firm involved in the manu- 


facture of intermodulation control de- 


vices prior to establishing EMR Corpor- 


ation in’ February, 1980, in Peoria, 
Arizona. 


Next month's installment will com- 
plete Bill Lieske’s series on inter- 
modulation interference control. Sev- 
eral topics will be briefly reviewed. A 
typical site problem will be described 
and analyzed to develop a site reor- 
ganization plan that can be used as a 
model for dense site interference 
problems. 


THE 
BOGNER 
BREAKTHROUGH 


A PRECISION HIGH-GAIN 
NULL-FILLED ANTENNA 
WITH CONSTANT BEAM TILT. 


THE MOST IMPORTANT 


IN 800 MH2/S00 MHz 
BASE STATION ANTENNAS 


The unique pattern of the Bogner 
base station antenna fills the nulls, 
providing maximum reach without 
loss of close-in coverage, 12 dBd gain 


(omni) and 65 MHz bandwidth. 


BOGNER 
Broadcast Equipment Corp. 
401 Railroad Avenue 


Westbury, N.Y. 11590: 
Tel: (516) 997-7800 
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Analysis Shows Advantages 
Of Four-Cell Site Repeat Patterns 


By Morton Stern 
Motorola [nc., Communications Sector 


Cellular radio frequency reuse is greatest with minimum cell site separation 
afforded by 60-degree antennas, four-cell site repeat pattern. 


ne of cellular radio’s advantages 
O over previous techniques used to 

provide mobile telephone serv- 
ice is frequency reuse. Using a total 
allocation of 666 channels, cellular sys- 
tem designs limit the coverage area of 
individual transmitter sites to allow the 
same frequencies to be reused within 
metropolitan areas. 

The methods used to implement fre- 
quency reuse determine the system's 
ability to serve the maximum number of 
subscribers within a defined area using a 
fixed amount of spectrum. The reuse 
method is an important tool in mini- 
mizing the cost per subscriber served. 
Current methods of implementing [re- 
quency reuse are: 

(1) The use of a 12-cell site repeat 
pattern with omnidirectional transmit 
antennas (or 7-cell. in certain situations). 

(2) The use of a seven-cell site repeat 
pattern with 120 degree antennas. 

(3) The use of a four-cell site repeat 
pattern with 60 degree antennas. 

Co-channel users are protected from 
interference by geographic separation 
and, where used, directional antennas at 
the base sites. When omni transmit an- 
tennas are employed, a 1|2-cell repeat 
pattern is required to insure that 90% of 
the area has at least a 17 dB carrier to 
interference (C/I) ratio since the only 
protection from interference is through 
geographic separation. 

If directional transmit antennas are 
used in addition to geographic separa- 
tion. the distance between sites can be 


reduced. The amount of the reduction 
depends upon the aperture of the antenna 
and the cell pattern employed. When 60 
degree antennas are used, each omni cell 
is divided into six smaller cells. The 
corresponding repeat pattern consists of 
four sites and 24 sector cells. 

A sector cell is defined as an area with 
a unique frequency set, so that a vehicle 
leaving that area requires a new channel 
assignment (handoff). If 120 degree 
antennas are used, the repeat pattern con- 
sists of seven sites and 21 sector cells. 
Figure | shows the respective frequency 
plan patterns. 


Co-Channel Assignment Algorithm 

Motorola's channel assignment strat- 
egy gives a 20% reduction in the inci- 
dence of co-channel interference in the 
busiest hour. The algorithm divides the 
channels into groups and will not assign 
co-channels in neighboring cells unless 
all other channels are busy. This strategy 
takes advantage of the fact that. even 
during the busiest hour of the day (on the 
average), only about 65% of the channels 
at a site are occupied. Figure 2 is a graph 
relating mean channel usage to number 
of channels based on erlang B traffic 
tables. 

A mean channel usage of 65% during 
the busy hour results from the need to 
provide sufficient channels to meet 2% to 
5% blocking during the short periods of 
peaked demand in the busy hour. 

An analysis of the distribution of traf- 
fic by hour in the Baltimore-Washington 


Fig. 1—Frequency reuse patterns used by 
cellular radio. (A) Omnidirectional anten- 
nas in a 12-cell pattern. (B) Antennas with 
directivity of 120 degrees in a 7-cell pattern. 
(C) Directional 60 degree antennas in a 
4-cell pattern. 
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system indicates that, with this as- 
signment algorithm, co-channel inter- 
ference would only be possible (on the 
average) during the two busiest hours of 
the day. 

During the remainder of the day this 
algorithm will (on the average) eliminate 
co-channel interference completely. 


Sector Sharing 

An obvious disadvantage to imple- 
menting frequency reuse with 21 or 24 
frequency sets (as compared to 12 in 


Number of channels in # selector or cell 


Fig. 2—Mean channel usage for blocking 
percentages of 2% and 5% indicate the 
number of channels required for a cell or 
cell sector, based on erlang B traffic tables. 


omni) is the automatic degradation in 
trunking efficiency due to the smaller 
number of channels in any one group. As 
an example. with 21 frequency sets, 
there can be only 15 channels in each set; 
and with 24 sets, there can be only 13 
channels in a set. This can result in a 
smaller number of subscribers per radio 
channel implemented, if a consistent 
grade of service is to be maintained. 
To improve the trunking efficiency, 
the four-cell plan employs a technique 
called sector sharing. This is a method of 
assigning channels so subscribers re- 
questing service can be temporarily as- 
signed a channel from an adjacent sector 
if all of the channels in the desired sector 
are busy. If each sector could share all of 
its channels with its neighbors, then 24 
frequency sets would appear to be 12 sets 


in so far as trunking efficiency is con- 
cerned. With the actual amount of over- 
lap, the 24 sets may be considered to be 
16. 

A mobile driving around the cell site 
such that its path traces an imaginary 60 
degree antenna pattern provides an ex- 
ample. The route would be similar to that 
shown in Figure 3. Along that route, the 
mean signal stength is constant because, 
as the mobile moves further from the 
transmitter, it is also driving towards the 
center of the antenna beam. This is the 
line of constant mean signal strength. 

At point (A), the user tries to initiate a 
call. During the signaling time, the sig- 
nal strength is measured in each sector. 
Since it is strongest in sector Y. the 
system tries to assign a channel in sector 
Y. All channels may be busy in sector Y. 
But if the vehicle's mean signal strength 
at sector Y's receiver is greater than that 
delivered by vehicles that are at the 
perimeter of sector X, the system will 
then assign a channel that is normally 
assigned to vehicles in sector X. 

The area where an assignment to cither 
of two sectors can be made is 59% of the 
total area. [f the signal strength remains 
stronger in sector Y than in sector X, a 
handoff will be initiated when a channel 
is available in sector Y. 

Increased radio channel trunking ef- 
ficiency results in a greater number of 
subscribers who may be served by a cell 
site. A sample calculation shows the 
number of subscribers served by a site 
(see Table 1). 

In very large systems. the quantity of 
voice channels required may be reduced 
by greater frequency reuse afforded by 
60 degree cell sectors, as shown in this 


Channels/cell 


Subscribers 


Subscribers/channel 


Fig. 3—Mobile travels along the line of 
constant mean signal strength where dis- 
tance attenuation and antenna gain bai- 
ance. Another mobile at point (A) in cell 
sector Y might use a channel ordinarily 
reserved for sector X under circumstances 
explained in the text. 


example of a system serving 100.000 
subscribers: 


7-cell 4-cell 
Cells 82 44 
Voice channels 3690 3432 
Switching ports 9225 8474 


Capacity is based on approximately 
2.5 switching ports per voice channel. 
The number of voice channels required 
has a large impact on the size of the 
switching network needed. 

An important measure of cell effec- 
tiveness is the D/R ratio, obtained by 
dividing the distance between each cell 
by the radius of the cell. The ratio can be 
calculated from the expression D/R = 
3N, where N is the number of sites in the 
repeat pattern (12, 7, and 4-cell repeat 
patterns are used as examples): 


Pattern, antenna DIR 

4-cell, 60 degree 3.464 
7-cell, 120 degree 4,582 
12-cell, omni §.000 


The lower the D/R ratio, the closer two 


Table !—More subscribers per site and per voice channel are served by 4-cell pattern than by 


7-cell or 12-cell patterns. 
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(A) 

Grade of Service 

Erlang/Subscriber 

Traffic Table 

Radius of Largest Cell 

Traffic Distribution 

Service Area 

Number of Unique Voice Frequencies 


(B) 

Radius of Cell 

Number of Cells 
Channels/Cell 

TOTAL SUBSCRIBERS 
Subscribers’ Voice Channel 


(C) 


Radius of cell (miles) 
Number of cell sites 
Number of sector ceils 
Channels’/sector cell 
Reuse factor 

Total channels available 
Subscribers’ voice channel 
Total subscribers 


0.05 

0.026 

Erlang B 

8 Miles 

Uniform 

2,000 Square Miles 
312 


7-Cell, 4-Cell, 
120 deg. 60 deg. 
Antenna Antenna 


cells using the same frequencies can be to 
each other while still meeting the Cl 
Standards, Reducing the reuse distance 
Increases the number of subseribers who 
can be served in a given area (ie. the 
radio channels can be used more times in 
a given area), 

The number of subseribers who can be 
served in an area can be calculated. Ob- 
servations can be made from the results 
summarized in Table IT. 

(1) Fora given amount of spectrum. 
the total number of subscribers served is 
greater in the four-cell plan than in either 
the omni or seven-cell plans (69.160 vs 
32,215 vs 49.061, respectively). 

(2) The number of subscribers per 
voice channel (31,9 without frequency 

(3) The four-cell pattern is implemen- 
ted with 25% fewer sites than either the 
seven-cell or omni patterns. This is the 
result of reducing the radius by 0.577 
when using the tour-cell plan. instead ot 
0.5 in the seven-cell plan. 

(4) The 4-cell plan results in the 
greatest reuse factor (7.5), also shown by 


Table II—(A) General assumptions used in calculating the number of subscribers who 
can be served in an area. (B) in the case of no frequency reuse, slightly fewer than 10,000 
subscribers can be served in the area, (C) Relative merits of each cell-splitting and frequency 
reuse pattern with ail cells subdivided once, as in a large metropolitan area with high 
subscriber density. Although it is unlikely a uniform distribution of subscribers will exist, 
each reuse method may be evaluated. 


the largest number of available voice 
channels (2,340), 


Four-Cell Verification 
The computer model CELLSIM was 


BALTIMORE 
WAUKEGAN 


DAYTON 
BARNESVILLE 
HIGHLAND PARK 


ROCKVILLE PATUXENT 
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CHICAGO 
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ICER 
ALEXANDRIA LOMBARD BISRER 


AURORA 


(B) 


Fig. 4—The four-cell patterns in (A) the Baltimore/Washington and (B) the Chicago/Schaumburg test systems. The 60 degree antenna 
patterns illustrate use of front and side rejection to allow closer spacing of sectors employing frequency reuse of specific cellular radio 
channels. 
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“Our Hewlett-Packard system lets us test 


three times the radios—yet its so sim 
our people can train themselves: 


“Typically it used to take us 
thirty minutes to manually test a 
three-frequency radio. Now, with 
HP's Transceiver Test System 

we check out an eight channel 
radio in eight to ten minutes— 
with a more sophisticated test. 
That helps us do our job better 
as well as faster—not a light 
consideration when your radios 
are used in life and death 
situations, 


uple 


“Achieving “We got our Hewlett-Packard 
this level of system when our volume 
effectiveness reached a thousand radios 


a year. That system paid for 
itself in less than a year and 

is still meeting our needs. 
And, since the system is 
modular, we can see up- 
grading it easily 
aes: Spe enough when 


has required 
very little for- 
mal training. 
There's no need 
for more than 
an hour or two 
of general fam- 


“86 


= EEEEEE: 


iliarization. we need 
After that, we find more 

our people can pretty capability.’ 
much train themselves. There's 


a free brochure 
that can tell you 
more about how 
your transceiver test 
operation, large or small, 
can benefit from an HP 


For my own part, even 

though I’m not a 

trained programmer, 
I find it very easy 
to go into the 
program and 


Modular HP Transceiver 
‘Test Systems like this 
one can be configured to 
meet almost any level of 
test need. 


make any Automated Test System. 
changes we For your copy, write: 
need for our Hewlett-Packard, 
particular Dept. T1, 1620 
applications. Signal Drive, 
Transceiver test perfor- TAF C-34, Spokane, 
These comments on HP's mance can be checked WA 99220. 


visually on the com- 
puter screen or printed 
out for later reference. 


G 


Transceiver Test System are 
from Captain Ross Morris, 
Electrical Engineer, Washing- 
ton State Patrol. Captain Morris is 
responsible oe maintenance of 
Washington State's 
police radio sys- 
tem as well as 
those of 
various 
other State 
agencies. 


HEWLETT 
PACKARD 
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THERE ARE EIGHT FACTORS CRITICAL TO THE 
SUCCESS OF A CELLULAR RADIOTELEPHONE SYSTEM. 
ONLY MOTOROLA PROVIDES THEM ALL. 


Z A flexible switch design that assures cost-effective, orderly growth. 
‘3 Demonstrated support from a supplier who can design, install, and maintain an entire cellular system. 


4A A fully integrated and compatible system from a total system supplier. 


5 Optimized system coverage based on field-proven, computer-aided design. 


6 Intelligent cell site equipment with remote diagnostic capabilities. 


7 Comprehensive subscriber features including a full range of roaming capabilities. 


8 Optimized life cycle costs to maxi 


Precision automated equipment places electronic components on a high-density circuit board at Motorola's new cellular production facility. 


4%, Motorola and DYNA T-A-C are registered tridemarks of Motorola. Inc. © Motorola. Inc. 1983 


The success of your cellular opera- 
tion will depend on the performance 
of asystem that represents a unique 
marriage of radio and telephone 
switching technologies. So it is im- 
portant that you select a supplier who 
has demonstrated capabilities in 
both disciplines. One who has devel- 
oped a fully inte- 
grated cellular 
system that tea- 
tures RF equip- 
ment. switching 
hardware and 
software de- 
signed to provide 
optimum radio- 
telephone service. 


The only fully-integrated 
cellular radiotelephone 


system. 

Our DYNA T-A-C radiotelephone 
system is the only cellular equipment 
that is fully integrated from the 
switching exchange through sub- 
scriber instruments. It has been 
designed to assure that hardware and 
software functions are properly 
assigned among system elements. 


Functions of @ DYNA TC 
mobile telephone are 
exercised Uselg computerized 
test epudpmnend, 


SYSTEM INTEGRITY. 


That optimum tradeoffs have been 
made and system interfaces are well 
detined. 

The result is a fully optimized. cost 
efficient system that isn't encumbered 
with land line components that have 
been adapted to perform in a cellular 
environment. 


Offering single-source 
accountability. 

When you select a DYNA T-A-C cel- 
lular radiotelephone system, you'll 
work with one supplier who will be 
accountable for every aspect of its 
operation. There will be 
no second guessing about 
vendor responsibility. No 
dealing with subcon- 
tractors when you need 
information about a 
given component. 

Motorola is the only 
equipment supplier that 
is producing a complete 
cellular radiotelephone 
system. We assemble every element of 
the DYNA T-A-C system at our new 
manufacturing facility in Schaum- 
burg, Illinois. This includes the EMX 
family of digital electronic mobile 
exchanges. multi-channel base 
stations. base site controllers, and 
synthesized 800 MHz mobile and 
portable telephones. 

Our cellular equipment production 
facility is a highly automated plant 
with a quarter of a million square leet 
of manufacturing space under one 
roof. It features computerized, in-line 
material flow and integrated process 
systems that include state-of-the-art 
robotics. Components are function- 
ally tested at every level of assembly. 
Computer-controlled test equipment 
is used to exercise all sub systems and 
verify their integrity. As a result. we 
are fully prepared to answer for the 
reliable performance of every element 
in the DYNAT-A-C system. 


Total involvement and 
support. 


Our involvement with your cellular 
operation will go far beyond supplying 


CAD CAM - used to assure the 
compatibility of DYNA TC system 
elements 


the basic equipment. We custom 
design and install entire DYNA T-A-C 
systems on a turnkey basis. We in- 
clude site preparation, constructing 
infrastructure elements like shelters 
and towers, optimizing all hardware 
and software, and training your opera- 
ting personnel. 

We also offer a broad range of sup- 
port services to assure your cellular 
system operates at peak efficiency once 
it goes on line. Motorola-trained tech- 
nicians can perform routine mainte- 
nance and emergency repairs. Multi- 
echelon maintenance programs are 
available that include re- 
mote diagnostics through 
our Cellular Technical Sup- 
port Center in Schaumburg. 


The advantage of in- 
depth system 


knowledge. 

Our developmental 
experience with the DYNA 
T-A-C system will benefit 
your cellular operation for years to 
come. We will be able to assist you in 
planning every aspect of your cellular 
system and can help you realize 
economical, orderly growth. 

We are continually evaluating the 
performance of customer cellular sys- 
tems; obtaining the data necessary to 
update software functions like fault 
diagnosis. cell-to-cell handoff and 
automatic roaming, The advanced 
soltware architecture of the DYNA 
T-A-C system makes it possible to fully 
utilize this inpul when we incorporate 
enhanced subscriber features into 
your system, 

Consider the advantages of asystem 
where the name of a single company 
appears on every element. A company 
that is dedicated to the growth of your 
cellular business. 

For more information. call R. 
LaVance Carson, Vice President and 
General Manager, Special Markets 
Division. at 1-312-576-6796. Or write 
him at 1301 East Algonquin Road, 
Schaumburg. IL 60196. 

Makin 
Cellular Work For You. 
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developed to aid the system designer in 
studying interference limited systems. 
The model randomly places subscribers 
within the cellular coverage area und 
predicts the distribution of carrier to 
interference ratios based on a particular 
propagation law. The standard devi- 
ation, height of antenna, type of antenna 
and ERP are adjustable. 

Anextensive series of tests were run in 
both Chicago/Schaumburg and the Balti- 
more/Washington test systems to verify 
the computer model. This program wits 
run identically in both cities, Four cells 
were constructed in each town. Figure 4 
shows the four-cell pattern for euch urea. 

A test van with a computer and cal- 
ibrated test receiver measured the signal 


ignore 


‘ 


PREDICTED 


Fig. 5—Carrier-to-interference (C/I) test 
results of propagation analysis in (A) the 
Baltimore/Washington and (B) Chicago/ 
Schaumburg cellular tests conducted to 
verify performance of interference limited 
four-cell computer model. Test van with 
computer and calibrated receiver measured 
signal strength in target cell in presence of 
signals from the other three cells (co- 
channel interferers). 
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Fig. 6—CELLSIM computer model pre- 
dicts interference in cells smaller than those 
used in the four-cell tests, Minimum ac- 
ceptable carrier-to-interference ratio (CiL) is 


17 dB. Performance of cells with radii of 


5.5, 1.3 miles is compared, 


strength in the target cell. Base (ransmit- 
ters in each cell were on channels 60 KHz 
upuart. The test receiver was programmed 
by the computer to spend 5 msee on each 
frequency. This process was repeated 50 
umes, After the 50th sample, a counter 
that stored the odometer reading was 
read. Each of the signal strengths were 
averaged and stored in the computer, The 
signal strength data and the distance 
traveled during cach one-second period 
Were stored on magnetic tape for further 
processing. 

Software routines Were written to fur- 
ther analyze the propagation data, Stind- 
ard deviation of the signal. correlation 
coefticient of the signal and each inter- 
ferer. the percent of times C I was vari- 
ous Values. and the mean signal levels 
were calculated. 

Measurement resulty were sig- 
nificantly better than the simulation. Be- 
cause both the signal and interference 
travel over much the same path, signia of 
CL is less than sigma of either C or L 

Figure 5 depicts the results of those 
tests in: Motorola’s experimental 
Chicago Schaumburg system and trom 
the Baltimore Washington system. 

Propagation studies previously run at 
distances of less than one mile to over 20 
miles from the site are the basis for the 
CELLSIM model. Therefore. CELLSIM 
Was used to predict interference in smal- 
ler cells. Results are shown in Fig. 6. 

The degradation in interference per- 
formance as the reuse distance is reduced 
can be improved by selectively adjusting 


base station power output. Since the ratio 
of desired carrier to interference is the 
important parameter in interference lim- 
ited systems, reducing the power outpul 
of the interferer will directly improve the 
CiL in the target cell, In a uniform cell 
pattern, with uniform propagation laws 
and uniform subseriber distributions, 
this would be impossible, since the re- 
duction of power output tn any cell 
causes that cell to have poorer 
interference. 

In real systems none of these pura- 
meters are uniform, Therefore, various 
combinations of power adjustment, and 
non-uniform channel assignments are 
used differently depending on the par: 
ticular system. 


Co-Channel Interference 

Cells in reuse patterns using omni 
antennas are subject to interference by 
Six imterferers, These interferers form a 
circle around the target cell, When di- 
rectional antennas are employed. the 
number of interferers is reduced because 
the back of the antennas protect some 
cells. 

Another major benelit of directional 
antennas is that the worst case interferer 
is pushed further away: 


Worst Case 
Omni (D-R)YR 5 
120 Antennas DR 4.6 
60 Sector (D+R)R 4.5 


Therefore, although the cells in a 
4-cell pattern are closer together than the 
other two patterns and will provide the 
greatest subscriber density of the three 
patterns discussed, they all have ap- 
proximately the same interference 
performance. 


Conclusions 

The four-cell pattern will serve the 
greatest number of subscribers per 
square mile. Therefore. it is the most 
spectrally efficient pattern. It reduces the 
number of cell sites required in the sys- 
tem before frequency reuse can be em- 
ployed. Therefore. itis the most etfee- 
tive. It allows the greatest number of 
subscribers to be served per voice chan- 
nel implemented and it has the least 
number of co-channel interferers in each 


cell pattern SL, 
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“TOMORROW'S TECHNOLOGY TODAY” 


100% SOLID STATE VOICE RECORDER 


Audio Data Corporation, the manufacturer of the Echo, introduces 

the most advanced audio slorage method available today — 
BUBBLE MEMORY 

Memo} FEATURES 
* No moving parts — completely maintenance free 
* Completely solid state — no need to buy of handle tape ever. 
* Non-volatile memory — no battery backup required. 
* DTMF decoder for remote control 


Memos] APPLICATIONS 
* Designed for continuous use in communications centers 
needing rapid recall of critical information 
* An audio message center requiring messages to be 
recorded and repeated continuously withoul degradation. 
* Central office telephone recordings, weather recordings, 
information services, or any telephone message system. 


For more mtozmanhon or a demonsiratron, 
contuct your nearest representative or 


19 Gazza Boulevard 
Farmingdale, New York 11735 
§16-752-7778— —Telex 126372 


AUDIO DATA 


CORPORATION 
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How often do you see “zero reflected power” 
when you install a two-way antenna? 


With STI-CO Disguise Antennas, it gets to be a habit! 
Each Stub-matched Antenna is hand tuned 


in our factory to your exact frequency 
using only the finest quality material. 


Made in America — of course! 


STrcoO 

LU 

7 

36 LETCHWORTH STREET / BUFFALD, NEW YORK 14213 / (716) 881-3287 
A WOMAN-DWHED COMPANY 
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OUR REMOTES 


STACK UP 
WITH VALUE 
AND VARIETY 


Being the industry's largest 
manufacturer of Remotes and Extenders, 
Communications Products offers the 
broadest line of products for the most 
economical price. 

Our in-depth product line clearly speaks 
of our understanding for the industry's 
needs. Our Tone Remotes (all formats), DC 
Remotes and Local Extenders all have an 
array of options to provide you with the 
ultimate system flexibility. 

Fulfilling your special system needs is 
our policy and our confidence in the 
quality of each product is demonstrated 
by our generous warranty. 

With over twelve years of engineering 
and manufacturing experience we have 
mastered cost control, making available to 

you the most economical 
pricing in the industry. 
Call or write for a 
free copy of our 
extensive catalog. 


COMMUNICATIONS PRODUCTS 


13667 Floyd Circle Dallas, Texas 75243 
(214) 238-9596 Telex 203941-CATD-UR 
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Any cellular system built around a central switch 
is tied to old technology. 


That's why we designed the AURORA decentralized cellular system. 
An entirely new kind of mobile communications system which 
combines the advantages of state-of-the-art computer technology 
with maximum utilization of an existing land phone network. 

With predictions varying widely on what kind of consumer 
demand cellular operating companies can expect, it will be very 
easy for a system with a central switch to be either over-engineered 
or under-engineered. In fact, any switch is a perfect fit for a rela- 
tively short period; the rest of the time it's either too big for the 
job or becoming obsolete. Our decentralized system allows for 
easy expansion as Customer base grows, without costly replace- 
ment of hardware. 

Moreover, on top of being enormously expensive itself,a central 
switch necessitates a massive network of parallel dedicated circuits. 
And the continuing cost of backhauling calls to the switch over 
these leased circuits can add up to additional millions of dollars 
in annual operating costs. 

Our system, on the other hand, eliminates all these costs, simply 


by making sensible use of the existing telephone network. In our 
system all voice traffic is routed from the Satellite Mobile Center 
(SMC) in each cell site to the nearest telephone exchange. From 
there it uses the existing network to the fullest extent possible, 
with the connection from the SMC to the local exchange being 
the only new voice frequency circuit that our system requires. 
The result is that our system can save millions of dollars on 
installation and operating costs. 

AURORA achieves these startling economies by bringing the 
advantages of distributed data processing to mobile telecommuni- 
cations. A computer hierarchy, consisting of three levels of control. 
handles all the functions which in other systems are relegated to 
the central switch. This decentralized, modular design is what 
makes our system easily expandable, and as economical in rural 
situations as it is in the urban environment. 

Our system is the intelligent alternative. It's the only cellular 
system that isn't an older technology dressed up in new clothes. 

For the complete story on the AURORA system, call or write. 
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Nolte! 


NovAtel Communications, Inc. 
2820 Peterson Place 

Norcross, GA 30071 

404-449-6666 

NovAtel Communications Ltd. 

Esso Plaza— East Tower, Suite 3108 
425 First Street, S.W. 

Calgary, Alberta, Canada T2P 3L8 
403-298-0444 
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Adaptive Antennas Cancel 
Co-Channel Repeater Interference 


By Michael J. Marcus and Satyen Das’ 
Federal Communications Commission 


Military use of adaptive antennas, or interference cancellers, has reduced the 
effects of jamming. Applications in land mobile radio may reduce interference, 
allow closer repeater spacing, increase number of available channels. 


daptive antennas can be used to 
reject undesired signals in the 
land mobile environment. much 
as they have been used to reduce jam- 
ming vulnerabilities in military environ- 


ments. Closer spacing of repeater 


stations may be made possible. resulting 
in More effective spectrum use and the 
availability of licenses in presently con- 
gested areas. 

Adaptive antenna systems could use 
continuous tone coded squelch system 
(CTCSS) subaudible tones commonly 
used by land mobile systems as a dis- 
crominant to null undesired signals. Un- 
desired signal rejection on the order of 40 
dB has been reported. Calculations show 
a 20 dB rejection in land mobile applica- 
lions could increase spectrum use up to a 
factor of nearly 2.8. Experimental work 
is needed to confirm the calculations. 


Interference Canceller 

An adaptive antenna or interference 
canceller’ automatically reduces the gain 
of a recerving antenna in the direction of 
interference While maintaining virtually 
the original gain of the antenna in the 
direction of the desired signal. (This can 
also be called sp: al filtering.) Such 
systems use mu. ic antennas. The 
antenna outputs combine to form the 
desired pattern. 
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Editor's Note: Authors Marcus and Das 
cited 1? experiments and simulations 
which indicate the effectiveness of inter- 


ference cancellation, Six are described 


below. Details of the remaining five may 
be found in the references numbered 11 
10 15 at the end of the article. 


Adaptive Antenna Technology 

Two omnidirectional antennas sep- 
arated between a quarter and a half wave- 
length were used for primary and auxil- 
iary input signals in an experiment con- 
ducted by T.A. Bristow and R.M. 
Romsey.! For 30 kHz bandwidth signals 
typical of land mobile FM, cancellation 
of 40 dB was obtained over the 30 to 76 
MHz band. 

Another experiment by D.M. Fiedler 
and C. Meincke.* two elements sep- 
arated by 5 feet resulted in a 35 dB 
rejection at VHF frequencies. The sys- 
tem contained a discriminant circuit to 
differentiate between the desired signal 
and the interfering waveform. 

A four-element array tested by A.E. 
Zeger and L.R. Burgess* containing one 
main and three auxiliary antennas was 
constructed to reduce interference in a 
communication radio operating in the 30 
to 70 MHz band. Each monopole anten- 
na was mounted on the corner of a square 


measuring 4 meters (about 12.5 feet)ona 
side. 

Signal processing was performed at IF 
after downconverting the 30 to 70 MHz 
signals. In the outdoor test, interference 
suppression of 37 to 48 dB was obtained. 

W.G. Swarner and A.J. Berni’s? ex- 
periment with another four-element ar- 
ray with half wavelength spacing be- 
tween elements in the 160.5 to 175,5 
MHz band showed a cancellation of 30 to 
40 dB with wideband 15 MHz operation. 

A simulation by J.D. Rickman* ap- 
plied a hybrid analog/digital algorithm to 
a half wavelength-spaced 4-element 70 
MHz array. A cancellation of 35 dB was 
calculated over a bandwidth of 5 MHz. 

L.R. Burgess. S.J, Rosasco and A,E, 
Zeger” performed a laboratory simu- 
lation of a 4-element processor. The ar- 
ray Was to operate in the 30 to 76 MHz 
band for signal-to-interference (S/1) 
ratios down to -25 dB. The channel spac- 
ing was 50 kHz. Adaptive beamforming 
was implemented at 11.5 MHz. The 
square array was 5 meters on a side and 
was operated at 73 MHz. An interference 
suppression of 13 to 32 dB could be 
obtained for a signal-to-input power lev- 
el of 0 to -25 dB. 

These and other experiments and 
simulations demonstrate that a 13 to 75 
dB cancellation of interference can be 
obtained over the 30 to 400 MHz band. 


Mobile Radio Technology 


Antenna outputs are multiplied by a 
complex gain or weight to adjust their 
magnitude and phase. A feedback con- 
troller looks at the combined signal and 
adaptively adjusts the weights according 
to a predetermined algorithm. 

Such algorithms either maximize the 
signal-to-noise ratio (in cases where the 
controller can estimate the ratio) or 
minimize the output power (this is useful 
in military applications in which the 
jammer mimics the desired signal). The 
antennas of the system can all be omnidi- 
rectional but, in some applications such 
as interference cancellers for radars, a 
main directional antenna ts used along 
with supplemental omnidirectional 
antennas. 

Important is the fact that the various 
antennas provide the controller with 
combinations of the deisred and unde- 
sired signals that differ in phase and, 
possibly, in amplitude. An antenna syvs- 
temo! K elements can provide A—/ nulls, 
Work has been done on & values us high 
as 5. 

W.F. Gabriel has published a review 
of interference cancellers.* P.W. How- 
ells developed sidelobe cancellers at the 
intermediate frequency.” Gabriel credits 
Applebaum for subsequently presenting 
the associated control-law theory related 
to maximizing the signal-to-noise rao. 
B. Widrow developed the theory of 
adaptive filters." Both analytical 
methods have been expanded und digital 
cancellers have been developed. 


Land Mobile Adaptive Antennas 

In many Jand mobile radio systems, 
CTCSS is used to identify desired mobile 
radio signals. The subaudible tones 
could be used by an adaptive antenna 
feedback controller to identify the de- 
sired signal and to discriminate against 
interference. 

A typical example might involve an 
860 MHz land mobile system with co- 
channel repeaters spaced 112 kin (70 
miles) apart and a service area radius of 
32 km (20 miles}. The repeaters’ ERP is 
1000 watts, Field strength is calculated 
using CCIR Recommendation 529!° 
which recommends that methods given 
in CCIR Report 567-2'7 be used pro- 
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visionally to determine field strength in 


land mobile service. (In the U.S.. other 


models are used for legal reasons. How- 
ever, the basic results of this analysis are 
independent of the details of the pro- 
pagation model. } 

The desired field strength at 32 km (20 
miles) is obtained from Fig. 2 of CCIR 
Rep. 567-2. This licld strength is for 50 
percent of the locations and for 50 per- 
cent of the time. To increase the re- 


liability of the desired field. the ratio of 


the field strength for 90 percent of the 
receiving locations to the field strength 
for 50 percent of the receiving locations 
is taken from Fig. 12 of CCIR Recom- 
mendation 370-4. '* The received desired 
field strength is given by; F(9Q, 50) = 
F(50. 50) -12. 

The undesired or interfering ficld 
strength is taken from Fig. 2 of CCIR 
Rep. 567-2 for 50 percent of the loca- 
ions and for 50 percent of the time. The 
undesired field is given by: F(50. 30). 


Distance between undesired 
repeater to desired mobile 


{u¥'m) 


Miles km 


— 
{A) 300m Antenna Height 
50 80 


43 68 


(B) 150m Antenna Height 
50 


80 
43 69 


{C) 1000m Antenna Height 
50 BO 


43 69 
36 57 
29 43 


23 37 


Cancellation 
intertering Field Needed For 
Strength dB 


Unmodified 


The units of the field strength are 
dB(wVim). 

One desired mobile radio is located 32 
km (20 miles) from the desired repeater. 
The initial separation distance of the de- 
sired mobile radio from the undesired 
repeater is 80 km (50 miles). Repeater 
heights of 150, 300, and 1000m are con- 
sidered, beginning at 300. The height of 
the mobile radio antenna ts |.5m. 

There are two interference situations. 
In one case, the undesired repeater 
transmissions interfere with the desired 
mobile. In the second case, the undesired 
mobile racio transmissions interfere with 
the desired repeater. First. the inter- 
ference from the undesired repeater to 
the desired mobile radio is considered. 


Repeater Spacing 

As the undesired repeater is gradually 
brought closer (in steps) to the desired 
mobile radio. the interfering field 
strength increases, At each closer spac- 


Modified Repeater Spacing 


Retaining 
Interfering 


Field Strength 
to 16 dB (Vm) 


Table —Results of calculations in the order presented in the text show that a modest amount 
of interference cancellation provided by adaptive antennas can allow a significant reduction 
in repeater spacing. For 300m repeater antenna height (A), spacing might be reduced from 
present 70 miles to 46 miles with 20 dB of interference cancellation. Reduction is less for 
tower, 150m antenna height (B), but greater for extreme antenna heights such as [000m {C). 


GENERAL COMMUNICATION SYSTEMS INc. 


Executive Privilege 


BUSINESS PLEASURE 


rw 


Perfect for remote location calls. Never miss an important telephone call. 


THE MARK 1000, A 30 WATT V.H.F. TELEPHONE, IS THE BEST WAY TO ALWAYS BE IN TOUCH. 
THE LEADER IN PORTABLE “BRIEFCASE” TELEPHONES SINCE 1968. 


GENERAL COMMUNICATION SYSTEMS INc. 
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Reduced 
Spacing 


Increased Use 
of Channels 


4 times 
2.8 


Table H—A small reduction in spacing 
made possible by adapive antennas gives a 
significant increase in the use of channels. 
Adaptive antennas may reduce spacing as 
much as 33 to 40%, 


ing of the undesired repeater. a suitable 
umount of interference cancellation is 
added to bring the level of interference 
ficld strength back to the same level as 
was obtained with a separation distance 
of 80 kim (50 miles) between the unde- 
sired repeater and the desired mobile 
radio 

The desired tield strength at the de- 
sired mobile ts from the first equation: 
F(90, 50) = 41 - 12 = 29 dh. 

The interference field strength at the 
desired mobile radio from the undesired 
repeater located 80 kin (50 miles) from 
the desired mobile is from the second 
equation: F(S0, 50) = 15 dB. 

Table | shows the reduced separation 
distance between the undesired repeater 
and the desired mobile radio. unmoditied 
interfering signal strength. amount of 
cancellation needed to bring the inter- 
fering strength to 15 dB. and the modi- 
fied repeater spacing. 

The table shows that, with a modest 
amount of interference cancellation, re- 
peater spucing can be significantly 
reduced. 

Results of the same steps applied to a 
15m repeater height are shown in Table 
I]. Desired field strength at the desired 
mobile radio from the first equation is: 
F(90, 50) 33 — 12 = 21 dB. Interfering 
licld from the undesired repeater located 
32 km (50 miles) from the desired mobile 
from the second equation is F(SOQ, 50) = 
7 dB. 

Reduced separation distance between 
the undesired repeater and the desired 
mobile radio. unmodified interfering 
field strength, amount of cancellation 
needed to bring the interfering field 
strength to 7 dB, and the modified re- 
peater spacing are given in the table, 

Results obtained with a 150m high 
repeater are similar to those obtained 
with a 300m high repeater, except that 
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the reductions in spacings between re- 
peaters are somewhat smaller than those 
obtaimed with repeater height of 300m. 


Improvement In Big Cities 

In cities where congestion is worst, the 
height of repeater antennas is often 
greater than 300m. For example, in Los 
Angeles. repeater heights of 1S00m on 
four mountain peaks (Santiago Peuk. 
Sierra Peak, Mt. Wilson and Mt 
Lukens) require protection radii of 168 
km (105 miles). 

Using the same steps to calculate 
based upon a 1000m repeater height as 
with the 300m repeater height assuming 
a spacing of 112 km (70 miles), the 
desired field strength at 32 km (20 miles) 
from the first equation is F(90. 50) 54 
12 = 42 dB. The interfering field 
OSS eee 


“...more improvement 
would occur in the largest 
cities where spectrum 
demand is greatest.” 


strength at 80 km (50 miles) is F(SO. 50) 
= 31 dB. 

The table shows reduced separation 
distance between the undesired repeater 
and the desired mobile radio, unmodified 
interfering field strength, amount of can- 
cellation required to bring the interfering 
field strength to 31 dB and the modified 
repeater spacing. 

These calculations show that the ben- 
efit of the interference canceller in- 
creases with increasing repeater height. 
The interference canceller is more effec- 
tive for higher antenna sites and therefore 
is more desirable if high antenna sites are 
to be used. 

It so happens that repeater sites are 
highest in the largest cities where spec- 
trum demand is greatest and improve- 
ments are most needed. 


Interference, Mobile To Repeater 
The ease of interference from the un- 
desired mobile radio to the desired re- 
peater station should be considered. Be- 
cause of reciprocity. all field strength 


Professional 
Two-Way 
Antennas. 


THE QUALITY, PROFITABLE 
ALTERNATIVE. Hustler 
professional mobile antennas 
are your best choice for 
reliability and profitability. 


Quality Hustler designs 
enable rapid installation, 
adjustment, and dependable 
performance. 


For the finest in VHF low or 
high-band, UHF or 800/900 
mHz professional mobile 
antennas, specify: Hustler — 
still the standard of 
performance. 


GUSFLER) 


3275 North “B" Avenue 
Kissimmee, Florida 32744 


4 (800) 327-9076 
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Install a PolyPhaser Impulse 
Suppressor on your coaxial trans- 
mission line today and prevent 
lightning and even EMP energy from 
entering your communications 
equipment via the transmission line. 


PolyPhaser offers over two dozen 
models of Impulse Suppressor (IS) 
products designed for simple instal- 
lation and ultra fast, multi-strike 
response. Our IS models are available 
for 50, 75, and 93 Ohm coax and 

300 Ohm lines. 


From base stations and repeaters 

to R.O. sites ... from cable TV and 
closed circuit cameras to high speed 
coaxial data lines ... we have the right 
Impulse Suppressor to keep your 
system up and operational. 


SHOULDN'T YOU HAVE A POLYPHASER 
IMPULSE SUPPRESSOR ON YOUR LINE? 


PolyPhaser 
Corporation 


1500 West Wind Boulevard 
Kissimmee, Florida 32741 
(305) 396-1807 
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values will be identical. for identical 
system parameters. to the case of the 
interference from the undesired repeater 
to the desired mobile radio. However. 
the mobile ERP is 100 watts. 

As a result, all the desired and unde- 
sired field strength levels calculated pre 
viously for repeater to mobile are re 
duced by 10 dB. The relationship be- 
tween the cancellations needed and the 
modilied repeater spacings shown In the 
tables remains unchanged. 


Limitations Of Analysis 

The analysis does not directly consider 
the effect of multipath propagation. It 
should be noted that multipath reflections 
do not appear to the antenna as a new, 
undesired signal, but rather as a change 
in the apparent amplitude and azimuth of 
the signal. As mobile units move, the 
desired and undesired field strength will 
randomly vary and their apparent avi- 
muth will vary from the real azimuth 
This will result in D/U ratios that some- 
times exceed the capability of the adap- 
live antenna. However, this phenom- 
enon is not expected to significantly 
change the expected results. 

Another factor not considered is the 
point that adaptive antennas cannot reject 
signals coming from the same azimuth as 
the desired signal. Thus, there ts no re- 
jection when the desired and undesired 
signals are collinear. This will limit sys- 
tem performance in certain geographic 
areas for each system. 

Use of the 20 dB interference can- 
cellers would reduce the separation of 
distance between repeaters by from 33 to 
40 percent. In a two-dimensional case, 
the number of channels used is inversely 
proportional to the area of operation or to 
the square of the ratio of repeater dis- 
tance separations. Table IV shows the 
increased channel use versus reduced 
repeater spacing. Even a small reduction 
in spacing gives a significant increase in 
the use of channels. 


Implementation Procedures 
Spectrum efficiency gains of adaptive 
antennas can be very impressive. Yet 
implementation would have to follow an 
uncharted course. The only VHF and 
UHF canceller systems in development 


or production are military systems which 
cost on the order of $1,000. Commercial 
systems might be built in production 
quantities at lower cost. However, even 
at present costs, the system may econ- 
omically be used to protect expensive 
repeaters from co-channel interference. 

The U.S. Government has not for- 
mally considered the regulatory im- 
plications of the adaptive antenna tech- 
nology. One possibility would be to re- 
quire new licensees in a new band to use 
such technology and mandate closer 
spacing than at present. 

Another approach might be to allow 
prospective repeater operators to seek 
voluntary agreement with existing oper- 
ators, including the provision of adaptive 
antennas to transceivers with short spac- 
ing to be allowed upon the concurrence 
of all parties. 


Conclusion 

Application of the inferference can- 
celler technology could theoretically im- 
prove spectrum utilization by the land 
mobile service. Use of this technology 
might permit a reduction of repeater 
spacing by from 33 to 40 percent com- 
pared to present practive. Reuse of land 
mobile channels might be increased by a 
factor as large as 2.8. Experimental work 
is needed to verify how much of this 
improvement may be practical. Ain 


(1) Bristow. TAL and Romsey. ROM 1979)” Apphcations ef an 
Hitererenve Canvellation Technique te Commumcations and Radar 
Systeme Sys Tech of? 3N 47 

© Dihredles. DO Mo and Meineke. ©. 1874 SNAP 1. the Steerable 
Soll Antenna Processor ROOM Device. Phe Aeny Coetmrene ater 
f 33.18 

13) Zeger AB and Burgess. LR. LYTTON ETE Adaptive Array 
Results,” Intgrnanonal Telemeter, Conterence. 18-20, Los Angeles 
tot Sitrmer WG and Herm AD, PM  Ndaptive Antenea 
Arty ind Angle of Arcival bestiniatiit Systent tor Sensor Com 
Hunton.” Ohi State Uni. Cont DAAC T2069 

13) Rickman, Je FD. PORE HResults bron a hour Element 
Nduptive Antenna Eaperment” Pen IEEE. ARN-I7, U-47 

| OF Burgess. LR. Rosasce, SJ amt Zeper. AE. (976, "An 
A\dupose Nutling Ary for VEEP Rasios.” APURSE Symp. Pale 
Alin, Cub 


Tr tlewetls, PW. I976. “Lapberatecn int bived and Adaptive 
Resolution at Gk und SURO.” Prva ULE AP 24 S7S-5K4 
+ 8) Gabel Wb. 1876, ~ Adaptive Arrays An Intnalucton 
Prem LEED 63 209-27) 


+9) Howells, POW [963. Intermediste brequems Side-lobe 
st US Patent 0) a 
wa. BIST Adaptec balters. In Aypects of Network 
Themes. Kalman. RI 1DcChans NO kds 

ly Siegel DA oct ol. 1979. “Peedtun it Nulliae Demonstration 
Sesto Handware.” Lanculn bab Teoh Note 1979.12 

‘Potts BOM 1974 OPIN Dinde Wereht Circuits.” Lincoln Lab 
lech Note 1979.26 
Hy bttinger, DD, Jones WOR. Mastenien, WOR Miller. ‘TW 


amd dees, WAG. 1977. Pinal Repo CHP Adaptive Array De- 
selupment Program.” Huehes Adcralt, NRI Contract No 
NOT? 76.0 O54 

(84) Compton, dr ROT th An bspecnnental Pour Klement 
Adaptive Array. Peers HE AP 24 OMT TUS 

(1S) Cummings, WoC. eb ah ISP A CHE Pest Simulator for an 


Antenna Nulling System Lincoln Late Cech Note [979-8 


Mobile Radio Technologs 


Dial access paging from Zetron 
is simpler and less expensive. 


An automatic dial access paging termi- 
nal from Zetron will help you lower your 
equipment costs today—and in the future. 
For only $995 (Dealer net price) you can 
install a Zetron DAPT-1000 Dial Access 
Paging Termina! with 500 calls of 2-tone 
sequential (GE or Motorola) format 
and one telephone trunk. 


DAPT-1000 Performance Highlights 

* Capacity to 1000 calls, tone or binary 
digital formats 

+ Selector !evel or end-to-end trunk inputs, 
dial pulse or DTMF (or dial click for rotary 
phones) 

* Upto 3 trunks 

* Mobile signaling (2805, DTMF 1500/600) 

* POCSAG and NEC digital display 
formats 

+ Priority and emergency local phone input 

* Two transmitter outputs with steering 

* Complete number invalidation and 
substitution 

* Remote programming from any DTMF 
phone 

* Busy channel monitoring 

* Automatic station ID 

* Programmable talk time. 

As your system paging requirements 
change, so can the capabilities of the 
DAPT-1000. It's easy. The paging formats 
are stored in reprogrammable EPROM 
modules. Additional formats and options 
can be added as you need them. Since the 
changes are in software, the costs to up- 
grade are reasonable. 


Universal Encoder 

The DAPT-1000 can encode all presently 
available formats. Ina single system you 
can mix virtually any of them, from 2-tone 
and 5-tone to POCSAG and Digital 
Display. 

This means you can mix pagers and 
mobiles from several manufacturers ina 
single system. When you want to expand 
your system, you're not limited to the 
equipment from your existing suppliers. 
You can get the equipment best suited to 
your needs. 


Simple Telephone Interface 

The DAPT-1000 can be equipped with as 
many as three telephone trunks. Priority 
access from a local telephone provides a 
convenient way to use the terminal without 
tying up valuable telephone lines. Itisa 
reliable alternative to manual paging en- 
coders and can free operators for more 
important tasks. 


Ask about Zetron’s versatile manual 
communications encoder 

In addition to dial access paging termi- 
nals, Zetron offers the CE-1000 communi- 
cations encoder. Like the DAPT-1000, 
microprocessor and EPROM technology 
makes it versatile, economical and reliable. 
Because you can mix signalling formats in 
asingle CE-1000, you eliminate the need 


for multiple paging encoders in systems 
using pagers and/or mobiles from more 
than one supplier. 
In addition to the 
desk top model, 
arack mounted 
version will 

be available 
soon. 

Call today to 
get the rest of the story on Zetron products: 
(206) 644-1300. Telex: 152556 SEA. 

Fast Response Coupon 
To: Zetron, Inc. 
2930 Richards Road, S.E. 
Bellevue, WA 98005 


OK Zetron, I'd like to know more: 

______ Send me a DAPT-1000 Dial Access 
Paging Terminal data sheet 

Send me aCE-1000 Communications 
Encoder data sheet. 


Phone ‘ ) 
Name: - 


(ext) 


Company 
Address: 

City: = 
State, ZIP: 


ZETRON 
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FCC Studies ‘Spectrum Farming,’ 
UHF Interservice Sharing 


he Federal Communications 

Commission gave tentative ap- 

proval in late November to two 
proposals intended to increase the 
amount of spectrum available to land 
mobile radio services. 

The proposals are contained in sep- 
arate reports issued recently by the FCC 
staff. The first. “A Framework For a 
Decentralized Radio Service™ prepared 
by the Office of Plans and Policy (OPP), 
recommends the establishment of a new 
radio service with no technical or opera- 
tional restrictions except those required 
to control interference. 

The second. “Analysis of Technical 
Possibilities for Further Sharing of the 
UHF Television Band by Land Mobile 
Services in the Top Ten Land Mobile 


Markets.” prepared by the Office of 


Science and Technology (OST). outlines 
the impact of additional land mobile al- 
locations on UHF TV and low-power TV 
(LPTV) services in the most highly con- 
gested land mobile markets. 


Mixing Services 

“Spectrum Farming™ was the charae- 
terization applied to the OPP plan by 
FCC Chairman Mark Fowler after hear- 


ing the proposal described by OPP Chief 


Peter Pitsch at the November 23 mect- 
ing. According to the plan, licenses 
would be granted for the proposed radio 
service with regard to the interference 
potential on other existing services only. 
Licensees would be free to offer any type 
of service deemed desirable — mobile 


By Stephen J. Shaw 
MRT Washington Correspondent 


radio, LPTV, UHF-TY and FM radio— 
or a mix of such services that would 
change as the licensee desired, 

“This could be a very profitable busi- 
ness.” Fowler commented. “You could 
change the mix of services like farmers 
rotate crops.” The FCC chairman urged 
that the plan be tried in one city as an 
experiment. A formal Notice of Inquiry 
to solicit public comments on the pro- 
posal is expected to be issued early this 
yeur. 

The plan for mixed service use could 


Fowler: “You could change 
the mix of services like 
farmers rotate crops.” 


be applied to frequency allocations for 
UHF-TY. land mobile reserve. FM 
broadcast at 88 to 108 MHz, and in the 
presently unallocated L-Band at 1.5 
GHz, according to Alex Felker. OPP 
electronics engineer and co-author of the 
proposal. The decentralized approach to 
allocations, said Felker, would allow 
development of radio services that are 
not dependent on specific. pre- 
determined uses and possibly assist in the 
resolution of the battle now being fought 


by land mobile and LPTV interests for 
UHF spectrum. An LPTY station and a 
mobile radio service could utilize the 
same UHF channel in the same market as 
long as their interference contours, meas- 
ured by their field strengths at the edges 
of their respective service areas, did not 
overlap. 

The plan also raises the possibility that 
a licensee could switch service offerings 
depending on the time of day. For in- 
stance, a licensee could run a mobile 
radio service during the business hours, 
then switch to video programming on the 
same UHF television frequency at night. 
Felker reports that he has already 
received an inquiry regarding the possi- 
bility of running a land mobile system 
during daytime hours, and an FM radio 
station at night. 

As promising as the plan sounds, 
however, several drawbacks are appar- 
ent in attempting to replace the current 
method of block frequency allocations, 
First. manufacturers of land mobile radio 
equipment may be reluctant to tailor their 
equipment to fit the unique frequency 
requirements of specific markets. Sec- 
ondly, opposition to the proposal may be 
forthcoming from those industry seg- 
ments who currently have the targeted 
block allocations on a unshared basis, 
regardless of whether channels within 
those allocations are currently in-use, 
Finally. there is a question regarding 
whether the FCC can effectively grant 
licenses that require a high degree of 
“engineering-in” and coordination with 
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IM Suppression Panels Receiver Multicoupling 


The Problem Solvers 


Fitna & Preselectors 


a1 Fle ft 4 


Bandpass, Pass-Reject 
and Notch Cavity Filters 


Transmitter Combining 
150 —900 MHz 


*COMPLETE SYSTEM ENGINEERING ASSISTANCE* 


TELEWAVE, Inc’ 


2166 OLD MIDDLEFIELD WAY, MOUNTAIN VIEW, CA 94043 
(415) 968-4400 *« TWX 910-379-5055 
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radios 
Novatel Mobile Telephones 
Wilson Electronics 
Terra Aviation 
Regency Marine & Scanners 
Bearcat Scanners 


amplifiers 
Antenna Specialists 
Trilectric 


power supplies 
Astron 
NPC 


signalling 
Communications Specialists 
Ssc 


headsets 
David Clark 


microphones 
Telex 


batteries 
JaBro 


handheld leather cases 
Casey Cases 


| 
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Cablewave Systems 


test equipment 
Fluke 
Hitacni 
IFR 
Pace 
Telewave 


solar power modules 
ARCO Solar 


antennas 
Antenna Specialists 
Centurion 
Cushcraft 
Maxrad 
Phelps Dodge 


cable and connectors 
Amphenol 
Andrew 
Berkshire 
Cablewave 


slide mounis 
Scientific Dimensions 


warning lights & sirens 
Whelen 


industrial/public safety 
flashlights 
Streamlight & Kel-Lite 


same day shipment at factory prices 


communications associates 


(800) 435-9313 
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Joliet, illinois 


in illinois (800) 892-1611 


other services that use the same frequen- 
cies in particular markets. 

Can the FCC handle an essentially 
decentralized service?” questions 


Felker. 


UHF Sharing 

The second report esumates the num- 
ber oF UHF channels that could be desig- 
nated for land mobile use in specific 
cities with varying degrees of impact on 
licensed or allocated full and low power 
television services. The cities identufied 
as the most highly congested for land 
mobile services and in greatest need of 
additional spectrum include Boston. 
Chicago. Dallas-Fort Worth. Detroit. 
Houston, Los Angeles. New York. Phil- 
adelphia, San Francisco and Wash- 
ington. D.C. 

The report. FCC: OST R83-3. outlined 
differing scenarios in which varying 
interference criteria Was used to estimate 
the number of additional land mobile 
channels that could be gained in the UHF 
Spectrum, The analysis was based on the 
technical approach to channel-sharing 
developed in Docket 18261. which per- 
mitted land mobile systems to operate on 
TY channels [4 through 20 in particular 
urban areas. The study concluded that if 
the interference-protection criteria de- 
veloped in the rule making was strictly 
applied and assuming wide land mobile 
radio operating areas, the impact on 
broadeast service would be significant. 
In eight of the ten markets studied, this 
would require the deletion of TV allot- 
ments that are presently vacant but for 
which there are applications pending. 

However, if the technical criteria for 
interservice sharing were relaxed and 
minimum service areas for land mobile 
systems were assumed, additional mo- 
bile radio systems could be accommo- 
dated fairly easily, In four of the ten 
markets. no existing. allocated or ap- 
plied for broadeast services would be 
Jost. In five others, only one or two 
LPTY assignments would be precluded. 

Both studies may be obtained from 
International Transcription Services. 
Federal Communications Commission, 
Room 248. 1919 M St. NW. Wash- 
ington, D.C, 20554. Telephone: (202) 


296-7322. FB 
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IFR DESIGN ENGINEERING 


Through the years, we have led the way in 
the avionics test equipment industry due to 
our commitment to build the most “cost 
effective” test equipment available. The same 
criteria holds firm in the communications 
industry...small, lightweight, rugged and 
dependable test instruments designed with 
maximum performance and durability in mind. 


During the design of the IFR FM/AM-500, 
we had to take a lot of things into consider- 
ation. The size, weight, functions and features 
were carefully scrutinized every step of the 
way in order to package the unit in an enclo- 
sure that measures only 11.5"w x 4.9"H x 
14.3"D. 

No compromise was our most important 
design goal from the conception of the 
FM/AM-500...No compromise in perform- 
ance, quality, dependability, 


Standard Features Include; 


FM signal generator 
AM signal generator 


Sensitive 2 «V receiver for 
AM, FM and SSB 


1 kHz audio generator 

Frequency error meter 

Automatically protected gener- 
ator output to 150 watts (no 
bothersome fuses to: replace) 

0.5 PPM TCXO 

Microphone input 

Audio demodulator output 

Low price 


Optional Features Include: 


= 0.2 PPM TCXO 

= 0.05 PPM oven oscillator plus 
high resolution frequency error 
meter (simulcast paging) 

= 10 Hz to 9999.9 Hz variable 
audio generator plus audio 
frequency error meter 

= Internal rechargeable battery 
(2 hour battery operation) 

= High output amplifier 

= Microphone 

= Telescoping antenna 


If you have been looking for a no-compromise unit with the 
features, performance, and dependability expected in a low cost 
service monitor, look no more. We have the answer to your 

servicing requirements. 


“Micro-Monitor™ 
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10200 West York Street 
Wichita, Kansas 67215 U.S.A. 
316 / 522-498) 

TWX 910-741-6952 


* 22 ibs. with battery 


aby 


A Subsidiary of Regency, ELECTRONICS, INC, 
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MAXRAD 


can make your 


VACATION 


Whether you go south for the 
sun or north for the snow, 
Maxrad’s benefits can make your 
vacation. We give quality 
construction that won’t break 
down. Reliable performance and 
more db’s for your dollar. Easy 
installation means no more 
skinned knuckles and more jobs 
done in less time. Lower prices; 
element for element, feature for 
feature, you'll pay less for more 
benefits from Maxrad. 


Have time to enjoy a well 
earned vacation, and the profit 
dollars to afford it. 


For a catalog and price list call: 


800/323-9122 


MAXRADS 


9962 W. Bryn Mawr Avenue 
Rosemont, IL 60018 


999000000 000000000606006000 


9OOO9O00000 00000000000 0000 
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WARC Land Mobile 
Allocations Deferred 

The Federal) Communications Com- 
mission has deferred action with respect 
to plans to reallocate more UHF TV 
spectrum to land mobile users as tt modi- 
fied its rules. bringing them into con- 


formance with 1979 World Admin- 
istrave Radio Conterence actions, 

Although recent studies have pro- 
jected land mobile needs to the year 
2000, similar projections for the broud- 
cast service are yet to be made. 


itinerant Frequency 
Plan Under Fire 

The FCC's proposal to allow per- 
manent operation by stations on. land 
mobile frequencies presently reserved 
for itinerant use has drawn eriticinm trom 
the Special Industria] Radio Service As- 
sociation and others. SIRSA ts the 
strongesteritic, saying “This amendment 
is one of the most incredibly ill-founded 
proposals we have seen.” 


Mobile Relay Below 
470 MHz Opposed 

Motorola and the International Taxi- 
cub Association have replied to com- 
ments filed in the FCC's proceeding to 
allow the use of mobile relays (repeaters) 
by Part 90 licensees operating on. fre- 
quencies below 470 MHz. Motorola said 
there is no viable way to coordinate 
paired frequency use necessary for re- 
peater Operation on frequencies below 
450 MHz which are not presently as- 
signed in pairs. The manufacturer said. 
“Mobile relays may be workable on the 
paired treqencies in the 450 to 470 MHz 
private land mobile band.” and it would 
not Object to repeaters on those 
frequencies. 

The International Taxicab Associa- 
tion's reply comments indicate itremains 
firm in its opposition to unrestricted use 


of repeaters below 470 MHz “particular- 
ly as it would relate to the Taxicab Radio 
Service.” 


ACSB, FM Compared In 
FCC Laboratory Tests 

An FCC laboratory study of ACSB 
communications systems concludes 
ACSB channels may not be intermixed 
with existing FM channels and remain 
completely inaudible on FM receivers. 
Yet the report suggests how ACSB might 
be considered for use im specific radio 
services. 

Tithed, “Amplitude Compandored 
Sideband Compared to Conventional 
Frequency Modulation for VHF Mobile 
Radio: Laboratory and Field Testing Re- 
sults.” the report was released by the 
Office of Science und Technology. 


Cellular Exceptions 
Granted By Greene 

U.S. District Court Judge Harold 
Greene granted some exceptions to the 
Modified Final Judgement in connection 
with the AT&T divestiture which may 
aid Bell operating companies in pro- 
Viding cellular mobile radiotelephone 
service. The exceptions ease restricuions 
on service BOCs may provide across 
inter-Local Access and Transport Area 
boundaries. The exceptions recognize 
calling patterns. existing facilities. toll 
Witching center locations. economic ef- 
liciencies in addition to a possible wire- 
line cellular disadvantage were BOCs 
restricted to LATA coverage and radio 
common carrier cellular operators not so 
restricted. 


Nationwide Paging 
Jurisdiction Challenged 

The National Association of Regu- 
latory Uulity Commissioners appears to 
stand alone in their challenge of the 
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AIDIAN ELECTRONICC, INC. 
IN ONE MICROMINIATURE MODULE 


10 Numbers Status Encode 
Last Number Redial 
Repertory Dial 
Call Queing (Auto or Manual) 
* PTT Time Out Timer 
* 16 Channel Scanner (Auto or Manual) 
Optional Liquid Crystal Display 
* Optional Call, Busy, 
Transmit LEDS 
* Optional DTMF Overdial and Decode 
¢ Size—1.3” x 2.5" 


* Deadbeat Disable for 
Delinquent Customers 

* 3 Phone Number decode per mode 

2 Ring Tones (Business/ 

Personal) 

* 1-14 Digit Decode or ANI 

* All Call or Group Call 

* Full Busy Lockout 

* 4 Keyboards Available 

* *IPTS with Optional 2 Tone or 
5 Tone Decoder 


. 


OMEGA 


AIDIAN ELECcRONIC., INC. | 


2302 EAST 22ND STREET, TUCSON, ARIZONA 85713 (602) 884-7981 TELEX 910-9521173 
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See the difference - 
the way it looks 


@ Glistens in Sun - shines in moonlight 

© Exceptionabie beauty and durability 
enhances one's nome or business 

® Thoughtful engineering - all bolted - na 
welds to break - strongest aluminum 
lower rating, 16 ft. load. 50 4t high. 100 
mph 

* Easy to transport, export. store, install, 
repair. shipped assembled, or unas- 
semblied in «it form 

© Hazer accessory raises and lowers 
equipment and brings things down to 
ground level like a tram 


| 


x 
x 
x 
X 
x 
x 
x 
x 
x 
x 


Others will see the difference in your 
Martin Tower and envy the investment 
value By adding the Hazer, tower climbing 
isneediess The HAZER brings equipment 
down to ground level keeping it In upright 
position for marmntenance, tuning, calibra- 
tion. Flexible wse with wide variety of 
antennas, lighting, meteorologic or other 
scientific packages. Find out why the 
biggest difference in Manin Towers 15 the 
way 11 looks 

Send self-addressed stamped envelope 
today for information. -_ 


Glen Martin 
Engineering, Inc. es 
u 
\ 


Box M253, Boonville, Mo. 65233 
816-882-2734 
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The family of fine antennas 
from the fine antenna tamily. 


If you need a mobile 
antenna for any 
2-way only 


communication f 
system. . .We 

make it! 

CALL US 
1-800-321-4700 


Low Band 
Portable 
Antenna 


— Anienna | 


26301 Richmond Road. Cleveland, Ohio 44146 
{216} 464-7075 
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FCC's preemption of nathonwide paging 
regulation by the states, The federal 
agency maintains the Communications 
Act gives it grounds for regulating tech- 
nical standards. entry into service. and 
rates lo be charged by nationwide paging 
operators even though some pages may 
Originate and terminate within a state. 
NARUC argues states have jurisdiction 
over technical and entry matters. 

The U.S. Court of Appeals for the 
District of Columbia Circuit ts hearing 
arguments in the case. 


Information Asked 
Of Atlanta TV 69 

FCC Mass Media Bureau Chief James 
McKinney has requested information 
from operators of WVEU Channel 69 in 
Atlanta ina letter sent to the broadcaster. 
Broadcasts from the station's transmit- 
ter. co-located with many 800 MHz land 
mobile stations atop the Peachtree Plaza. 
have caused interference to two-way 
radio operations and resulted in severe 
power reduction requirements during 
business hours for the television station. 

McKinney asked the broadcaster for 
information about its ability to bear the 
financial burden of changing the tre- 
quencies of land mobile operators, 


FCC Staff Report Recommends 
New Service On UHF-TV Channels 

Flexible radio service is proposed ina 
staff report from the FCC's Office of 
Science and Technology released in late 
September. Not an official report. “A 
Framework For a Decentralized Radio 
Service” details a new radio service 
without any technical or operating re- 
strictions beyond those necessary to con- 
trol interference. Licensees would be 
free to offer entertainment pro- 
gramming. land mobile. or other 
services. 

The study recommends using vacant 
UHF-TYV channels, including those that 
are so-called “taboo” channels. Alterna- 
tive spectrum includes land mobile re- 
serve. aeronautical satellite allocations 
and new assignments in the FM broad- 
cast band made available by Commission 
action on Docket 80-90. 


SMR Loading 
Change Petitioned 

Smith Communications Systems, 
Inc,, wants the FCC to change its SMR 
loading rules to provide an “alternative 
measure of loading for specialized mo- 
bile radio systems to correct the in- 
equities of the present rule require- 
ments.” 

Smith has undertaken a traffic study 
which indicates most of the time avail- 
uble on a tranked system will be filled 
when approximately one third of the 
svtenVs mobiles are equipped to inter- 
connect with the public switched tele- 
phone network. According to the com- 
pany. that level reflects about half the 
number the FCC presently recognizes as 
minimum loading for an SMR to retain 
all its authorized channels. 


Freedom Recommended For 
Land Mobile Spectrum Use 

Land mobile spectrum users would be 
given “more treedom to choose how best 
to ulilize™ the spectrum, under three ree- 
ommendations advanced by the FCC's 
Office of Plans and Policy. The sugges- 
tions are contained ina staff report, “Im- 
plementing New Technology in the Land 
Mobile Radio Service.” 

The study recommends developing 
definitions of “spectrum rights” of signal 
strength and protection from inter- 
ference. flexibility to use new, spectrum- 
efficient technologies. and the “freedom 
lo profit” from the resale of spectrum 
saved through application of new 
technology. 


System ID Numbers 
Asked For Cellular 

The Electronics Industries As- 
sociation recommended the FCC assign 
system identification numbers (SID) to 
individual cellular systems. The as- 
sociation suggests “the system number 
(bits O through 12) be assigned at the time 
of granting of construction permits.” As- 
signments would be published using 
Standard notification procedures. The 
SID numbers would be used to determine 
Whether a call were made by a system's 
home subscriber or a roamer. FR 
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Experience The Joy of 


wait-less- 


When time is of the essence. Bornar Ly 
Delivers. For all your crystal require- 

ments in land/ mobile business or A 
public safety radio systems. 

Delivering on time Is only half our 
job. That's why we manufacture every 
Bomar land/mobile crystal to exact- 
ing specifications. This ensures they 
will work the first time, every time, 
for the life of your radio. WE 
GUARANTEE ITI 

So call us today at 800-526-3935 
and ask about our accelerated deliv- 
ery service. Then sit back and expe- 
rience the joy of wait-less-ness. 


CRYSTAL COMPANY 


201 Blackford Avenue 
Middlesex, NJ 08846 
in NJ, (201) 356-7787 
TWX 710 480 4650 


WE'RE AS COMMITTED 
AS YOU ARE. 
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2030 AVENUE G 
INL SUITE 1708 
PLANO, TEXAS 75074 


Leadership Through Design Excellence (214) 423-7997 


It’s a Sale 
for SMART® Shoppers! 


SMART® Compatibility 
for Mobiles and Portables 


Regularly SALE 
Model SAM -1 3239.40 $197.90 
Model 1232 $255.00 $210.80 


(100 lot price - schedule orders accepted) 


Sale Ends January 31, 1984 
Call Pat for Details 


SMART® is a registered trademark of Repco, Inc. 
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Winter Specials 


for a limited time on 
RF Transistors 


“SPECIAL” “SPECIAL” 
PART NO. SALE PRICE PART NO. SALE PRICE 
2N3375 5.90 $D1127 2.15 
2N3927 6.80 $D1141-1 1.56 
2N5016 14.10 $D1143 7.48 
2N5090 7.10 $D1229-1 8.40 
2N5589 6.60 SD1229-9 8.40 
2N5590 6.45 §01272 8.20 
2N5591 7.55 $01407 25.88 
2NS637 7.10 $01410 14.00 
2N5641 5.70 $D1410-3 12.40 
2N5642 6.90 $D1412 21.25 
2N5643 7.20 $D1418 18.65 
2N5944 6.30 $D1421 21.30 
2N5945 7.55 $D1477 34.50 
2N5946 10.35 $D1488 20:55 
2N6094 5.40 MRF454 14.95 
2N6095 6.90 MRF454A 14.95 
2N6096 10.90 MRF455 10.95 
$01077 1.40 MRF455A 10.95 
$D1089 21.30 MRFS01 1.25 
$D1098 27.60 

Call for other types not fisted. 


2115 AVENUE X 
BROOKLYN, N.Y. 11235 
Toll Free: 800-221-0860 
Elsewhere: 212-646-6300 

Telex: TWX 235125 


COMMUNICATIONS INC. Cable Address: Ceco Tubes 
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DEALERS ONLY! DEALERS ONLY! 


SPECIAL DEALER PRICES ON RCA UHF 
(450-470 MHz) TACTEC PORTABLES 


4 Watt, 6 Frequency capability, includes antenna, as 
traded, not bench tested. $175.00 each 


$150.00 each 
$95.00 each 


Quantity 3 or more 


brand new plug-in tuneable 
tone board for above 


Large selection of RCA, GE and Motorola two way radio 
equipment aiso available. 


Call or Write for our free brochure. 


" iL " uw 
erie electronics. inc. 
P.O. BOX 11, HILER BRANCH 
THE USED BUFFALO, NY 14223 ASK FOR 


TWO-WAY RADIO BILL RYAN 
PEOPLE!!! 716-833-8400 
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The WR 90 series of base/repeater 
stations Is a fully integrated. modu- 
larized family of components trom WR 
Communications intended to provide 
simple. easy system design. The basic 
cabinet housing a simple local control 
can be converted to provide DC remote. 
repeater application, cross band ora mul- 
tiple station configuration. The company 
says the use of solid state cards and 
modules that are conservatively designed 
provide high reliability and casy 
interchange. 

Electronic interface to operate a radio 
transmitter and receiver in a radio- 
repeater configuration is provided by the 
RCL-54A Repeater Control. The circuit 


board plugs into a 22-pin printed circuit 
edge connector designed for quick re- 


moval. The control has proviston for 
continuous tone coded squeleh system 
(CTCSS) operation with an audio high 
pass filter to remove the tnpul tone from 
coupled audio. It allows newly generated 
and Jeveled tones to be tnserted. A 200 
KHz clock generator is included, capable 
of driving a clock bus for multi-tone 
systems with synthesized tone encoder- 
decoders such as the company’s 
RTA-54. An on-board front panel switch 
disables the repeater transmit function 
during tests. 


The RTA-5S4 is a programmable 
CTCSS tone encoder-decoder that uses 
an external 200 KHz reference clock pro 
vided externally. Up to 16 RYS-54 cards 
can be operated from a single RCL-S4A. 
RTA-54 cards plug into 22-pin printed 
circuit cdge connectors. 

The synthesizing encoder and decoder 
wre independently programmed and 
tuned so the input tone frequency may 
differ from that of the output tone. Tone 
frequencies are programmed on the etr- 
cuit board using four wires. The encoder 
output tone is enabled onto a tone bus by 
the decoder. When the decoder responds 
to an input tone, a front panel light emit- 
ling diode (LED) glows. The decoder 
and “active” light continue to function 
when the front panel “disable” switch ts 
used to deactivate the repeater base 
station, 

Interface to allow remote operation of 
a radio transmitter and receiver ona 
two-wire Inne with DC contintity is pro 
vided by the RLA-S4A DC Line Adapt 
er. The circuit hoard plugs into a 22-pin 
printed circuit edge connector, The line 
adapter provides for two-wire or fous 
Wire (duplex) operation. transmit chan 
nel selection FL or b2. and receive chan 
nel selection Floor F2CTCSS monitor 
function can be used in teu of receive 


channel selection, Three jumpers pro- 


A time-out timer 
circun disables the transmitter line key- 


gram the functors 


ing aller siX minutes of continuous line 
hesing. The timer resets immediately 
When line Keying stops. 

Pre-emphasts is used in the line 
receiver to allow transmitter modulator 
connection. An on-board front panel 
switch disables the line-heying function 
lor adjustment or testing, 

lucilittes lor intercom in a radio sys- 
tem equipped with a RLA-54A DC Line 
Adapter are provided by the RIA-54 
Intercom Adapter. Tt atso has Eo and M 
signaling circuitry to interface the radio 
with an external communications link 
such as a ncrowave relay. 

The intercom allows communication 
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Nida Rade Pechnolags 


So ruggedly built,we pay the 
first ears parts and Service. 


This exclusive “No Excuses” warranty covers you on 
the full Uniden Force line: crystal and synthesized 
mobiles, portables, base stations and repeaters. 
All solid state, engineered to take constant hard 
knocks. Plus you get the convenience of Toll- 

Free Preferred Customer Hot Lines. Full ac- 
cessories and options, including phone 
patch availability on repeaters, Digital 
CTCSS on AMU 150 and AMH 200 
mobiles. It's all part of the Uniden 
advantage: radios that work where 
and when you want them to, 

plus sales and service from 
the most professional two- 
way radio dealer in your 
area. Contact your dealer 
today, or call us toll free. 
800-428-5310 

In Indiana 

(317) 842-6640. 


In Canada call Lenbrook Industries 
(416) 438-4610 
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between the radio and remote control 
positions using the two-wire line nor- 
mally used for remote control. A front 
panel switch turns off the intercom when 
notin use. The circuit board plugs into a 
22-pin printed circuit edge connector. It 
has an on-board speaker with a front 
panel level control. The speaker ampli- 
fier uses a Compressor to reproduce all 
line signals at about the same volume and 
with low distortion, The intercom uses a 
WR Communications MC-30 handheld 
microphone plugged into the front panel 
jack. The microphone PTT button is used 
to place the intercom into the “talk” 
mode. 

Any of the 33 E[A CTCSS tones or. 
alternatively. over 400 in-band burst 
tones [rom 400 to 2500 Hz may be used 
with the RTB-54 programmable tone en- 
coder or decoder. Provision is made fora 
latch circuit with a delayed reset. A 
quartz-crystal time base and a 
programmable-period synthesizer are 
used. The tone period is programmed 
with an on-board binary switch. A tun- 
able band-pass filter is used to filter the 
input and output. A high-pass filter is 
included for CTCSS applications. 

Audio and PTT interface with up to 
three radio terminals is handled by the 
RTL-54 Trunk Adapter. Up to six differ- 
ent interface programs may be selected 
by external circuits such as tone de- 
coders. Trunk Adapter inputs are the 
outputs of RCL-54A Repeater Control 
cards or their equivalents. Trunk Adapter 
outputs are connected to terminal 
transmitters. 

WR 194 transmitter and receiver 
modules also fit the 5'4" rack cabinet and 
operate from either 110/220 VAC or 


THE Pipo TOUCH TONE’ 


ENCODER 


An ultra high quality encoder for absolute 
"| reliability and function. Positive touch key action © 
with non-malfunction gold contacts, totally 
serviceable and_ self-contained. Easy level 
control, no frequency drift, operates in temp- _ 
eratures from -15°f to 160°f. Supplied with instructions, schematic, template and 
hardware. Call or write for free catalog, dealer's list and Information guide. 


PP-1 $55./PP-1K, S.P.S.T. Adj. Relay $62. 
PP-2, $59./PP-2K S.P.S.T. Adj. Relay S66. 
M Series=Detached frame for irreg. install. 


2! PipoCommunications ® fsisross, Caitornia 90028 
To: 


Emphasis is on Quality & Reliability 


13.6 VDC. The transmitter module has a 
power output of four watts which may be 
amplified at intervals up to 120 watts 
with WR 95 series linear amplifiers. 
Contact: WR Communications Inc., 
437 So. 48th Street, Tempe. AZ 85281 
or 1655 West 3rd Ave.. Vancouver. BC, 
Canada V6J 4V7 or R.S. #240. 


Base Repeater For 800 MHz 
Trunked, IMTS, Conventional 

Kokusai’s new 800 MHz base/ 
repeater station line is 100% solid state. 
Space saving configurations permit a 
5-channel system in 3 cabinets. 10 chan- 
nels in 6, 15 channels in 8. and 20 chan- 
nels in [1] cabinets. Heavy duty power 
supplies are continuous-duty rated. Fea- 
tures include centralized metering, 
automatic power control, channel in- 
hibit, automatic load control and alarm 
indicator and terminal strip. 

Interface boards are available to mate 
with IMTS terminals. Contact: Kokusai 
Electric Co. of America, 363 Coral 
Circle, El Segundo, CA 90245 or R.S. 
#239. 


Pager Has Dial Access Decoder, 
Terminal Sends DTMF Tones 
Sonar has introduced a 2-digit DTMF 
decoder in a pager. Designated Tone 
Decoding Option T2, it is available in 
Sonar’s X-Ré™ series regular pager and 


P-3, 12 or 16 Key,for custom 
installation, flush mount, 3 different 
circuits available-request P-3info. . arar 


(213) 852-1515 
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Senator™ pager. The decoder is the first 
component of an integrated, selective 
calling system called Touchpage™. The 
DTMF decoder in the pager allowed the 
design of a terminal that recognizes Bell 
System codes. greatly simplifying the 
dial-access paging terminal. 

The TP-2997 Touchpage Terminal is 
the dial-access paging terminal used to 
call pagers with Option T2. The unit is 
approved by the FCC for Part 68 for 
direct telephone interconnect. The 
TP-2997 has a suggest retail price of 
$200.00. An optional, field-program- 
mable security lock module. SL-3003, 
prevents unauthorized system access, 
and has a suggested retail price of 
$150.00 

The Touchpage System allows selec- 
tive calling of pagers and other signaling 


devices from any Touch-Tone® tele- 
phone, in-plant or out. Any source of 
Touch-Tone signals, such as a DTMF 
pad on a portable two-way radio, or a 
mobile Touch-Tone microphone or 
handset, in addition to the telephone 
network, can be used to activate the 
system. 

For technical details on the Touchpage 
system, see Richard Abrahams’ feature 
article on page 54 of the November 1983 
MRT. 

The Busy Lock-Out Assembly, 
BL-3004, is an accessory to the TP-2997 
Touchpage Terminal. This assembly will 
recognize an active channel, suchas ona 
repeater, and not allow a page to be 
transmitted. This option allows DTMF 
pagers to be used on Business/Industrial 
frequencies with existing two-way traf- 
fic. Small RCC operators who cover iso- 
lated areas that do not warrant the high 
fixed cost of conventional paging ter- 
minals may also use the system. 

The BL-3004. when interfaced with 
either a repeater transmitter’s push-to- 
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talk line or a control station receiver's 
squelch line, inhibits the Touchpage 
Terminal's operation when prior use of 
the network is detected. 

The Busy Lock-Out may be inter- 
connected to the TP-2997 to provide two 
distinct modes of operation. When the 
channel is active. the terminal answers 
the telephone and gives a busy signal, or 
when the channel is active the terminal 
does not answer the telephone. 

In the first case. a properly working 
telephone line and terminal is positively 
indicated. but in certain areas measured 
rate telephone line charges may be in- 
curred, In the second case, measured 
telephone line charges are avoided, 

The BL-3004 mounts inside the 
TP-2997 Terminal. Existing units may 
be field-retrofitted. This option is avail- 
able for $50.00. Contact: Sonar Radio 
Corp., 3000 Stirling Road. Hollywood. 
FL 33021 or R.S. #238. 


Protocol Support, 
Network Analyzer 

A new interface kit which allows the 
HP 4955A protocol analyzer to physi- 
cally connect to an X.21 public network 
has been introduced by Hewlett- 
Packard. 

The interface kit, HP 18138A, pro- 
vides a cable with X,2! 15-pin con- 
nectors for use with HP’s RS-449 inter- 
face pod, the HP 18136A, for the physi- 
cal connection. Also included in the kit is 
the display software which allows simul- 
taneous viewing of both character-or- 
iented protocols (COPs) and bit-oriented 
protocols (BOPs). 

High-performance network analysis 
for bench use or automatic testing Is 
possible with Hewlett-Packard’s new 
3577A network analyzer. This analyzer 
expands testing capabilities for device 
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characterization in the R & D lab and 
production test. 

The 3577A features precise analog 
design, advanced digital-signal pro- 
cessing and microprocessor control with 
extensive internal firmware, High ac- 
curacy and resolution over the 5 Hz to 
200-MHz frequency range are now 
available in a single product 

Measurements cun be made over the 
analyzers 100-dB dynamic range with 
up to 0.02-dB and 0.2-degree dynamic 


accuracy, In the I-Hz resolution band- 
width, critical low-level measurements 
can be made with -130 dBm sensitivity. 
The display marker shows points of in- 
terest to 0.001 dB, 0.005 degree and 
0).001-Hz resolution. 

The HP 3577A network analyzer is 
$23,500. The HP 35677A (50-ohm) and 
HP 35677B (75-ohm) S-parameter test 
sets are $3.500 each. Delivery is esti- 
mated at six weeks ARO. Contact: In- 
quirics Manager, Hewlett-Packard 


Most Ducks are Actually Turkeys 
in Disguise. 


Lu 


Since the introduction of Centurion’s Tuf Duck, 

the hand-held radio antenna industry has been 

flacked with imitators. But don’t be gobbled up by 

look-alikes: there’s only one Tuf Duck. 

Through innovative design and unparalleled performance capabilities, 
Centurion's Tuf Duck line has helped set industry standards for 
excellence, and is the most popular line of “rubber duck” antenna 
among leading manufacturers of original hand-held radio equipment 


and replacement antenna customers. 


Tuf Ducks are available in more models and styles than any other, and 
with over 25 different connectors available, there's a Tuf Duck for 


virtually every radio made. 


When you want the best looking, best performing duck antenna for your 
radio, don’t settle fora look-alike, insist on a Centurion Tuf Duck. 


x CENTURION 


800/228-4563 


or write CENTURION ANTENNAS AND BATTERIES 
P.O. Box 82846 Lincoln, NE 68501-2846 
Telex 48-4377 CENTURION LCN 


i Reader Service No. 55 


69 


Company, 1820 Embarcadero Road, 
Palo Alto, CA 94303 or R.S. #236. 


Isolators/Circulators 
Introduced By Sinclair 

Sinclair Radio Labs has introduced 
the new “I” series of compact, high per- 


formance isolators and circulators for 
applications in the 1300 to 1600 MHz 
bands. The I5110A series features typi- 
cal insertion loss of 0.25 dB and isolation 
of 35 dB over a [100 MHz bandwidth. 
The units are available in a variety of 
load terminations to meet diverse system 


requirements for VSWR protection and 
intermodulation control, The “1” series is 
designed for temperature compensation 
to assure high isolation and low insertion 
loss performance over the full operating 
temperature. 


LOW 


“PC” series tsolator panels are also 
available combining the “I” series iso- 
lators with various terminations and sec- 
ond harmonic filters to provide compact. 
rack mount units for intermodulation 
control in existing base stations. Contact: 
Sinclair Radio Laboratories Inc., 
14614 Grover Street. Suite 210. Omaha. 
NE 68144 or R.S. #237. 


Universal Mount 
Mobile Telephone 

The availability of a new universal 
mount, full featured mobile telephone. 
QCU 8200 has been announced by Glo- 
bal Telerad. The new unit features the 
control keypad mounted on the vehicle 
visor in the ‘up’ position, the handset can 
be secreted in the glove or console box, 
or be mounted unobtrusively on or under 
the dash to help assure security from 
vandalism. 

The unit operates in standard DTMF 
signaling mode, and is available in 
simplex, half duplex or full duplex. The 


Loss TRANSMITTER COMBINERS anp 
RECEIVER MULTI-COUPLER SYSTEMS 
FOR THE 450 MHz ano 800 MH: BANDS 


DUPLEXERS and CAVITY FILTERS. including 
our patented 


BpB, CIRCUIT® FILTERS, 


for all bands within the frequency range of 40 
to 960 MHz. Investigate this complete line of 
high performance products. 


CALL or WRITE: 


ae 
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microprocessor based control head can 
be used in either conventional or mullti- 
channel 800 MHz, TSMR or LTR sys- 
tems. With addition of the company’s 
SMART/IMTS module, the unit can be 
used in conventional RCC systems. The 
unit will interface with all popular trans- 
ceivers, giving the user access to the 
landline telephone network while pre- 
serving two-way radio dispatch func- 
tions. When the vehicle is unattended, 
the QCU 8200's voice answering module 
instructs the caller to dial in a number. 
The unit will store five such messages for 
callback at the mobile telephone cus- 
tomer’s convenience. 

Other features include an illuminated 
keypad for accurate nighttime dialing, an 
8-digit LED integral display showing 
numbers dialed, channel selection and 
information messages. The micro- 
processor also provides last number re- 
dial, on-hook dialing, speed dialing of up 
to nine stored, frequently called num- 
bers, store and forward calling, memory 
protection, channel busy lockout, and 
overdial to access networks other than 
AT&T. Contact: Global Telerad, Inc., 
410 Jackson St., Mankato, MN 56001 or 
R.S. #235. 


Time Division 
Voice Scramblers 

P.P.S. Electronics has introduced the 
Telsy Crypto Systems series of profes- 
sional voice protection system models 
for mobile and portable speech en- 
crypuon. The TS 500 series has models 
for mobile, portable and master syn- 
cronization. The time division method 
achieves a high level of security in a 
narrow bandwidth and will work with all 
types of radio units. 

Except for the input and output pro- 
grammable interfaces, the system is fully 
digital. Over one million code programs 


Mobile Riche Technology 


are available. Contact: P.P.S. Electro- 
nics Corporation, 101-10 Foster Ave- 
nue, Brooklyn. NY 112360rR.S. #234. 


DTMF, Digital 
Ruggedized Encoders 

Tex-Tel has introduced two new rug- 
gedized DTMF and digital (Digi- 
Touch— 12 bit FSK) encoders. Large 
button, full-stroke key pads with special 
seal and heavy cust aluminum case make 
both units dust proof, splash proof and 
virtually abuse proof, Both DTMF and 


CES MICROPADS and MICRODIALERS 


with optional low energy LED 
Lighted Keyboard. 


The 600 Series Micropad and Microdialer is 
now offered with a new option — a very func- 
tional and visual lighted keyboard that draws 
only 10 ma of current plus the same advanced 
designed and reliability CES has established. 
The Micropad and Microdialer have the same 
package of features that have made them 
unique in the industry, A low current lighted 
Keyboard is another first from CES. 


digital models provide automatic PTT 
with adjustable pre-data timers to assure 
radio system compatibility. [luminated 
keyboard available. Contact: Tex-Tel 
Laboratories, 812 Brentwood. Austin, 
TX 78757 or R.S. #233. 


CES sets the standards 
— | others try to meet... 
Status Monitor with Quality Design and Dependability. 


Monroe Electronics’ 6002 telephone 


remote control and status monitoring COMMUNICATIONS ELECTRONICS SPECIALTIES, INC. 
i a ee alae een © P.O. Box 2930, Winter Park, FL 32790 @ Phone: (305) 645-0474 
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unattended equipment over a standard 
dial-up telephone line from any tele- 
phone. The 6002 contains an integral 
FCC registered coupler for direct con- 
nection to the telephone line, 

Touch-Tone® commands latch or 
momentarily close any of six inde- 
pendent relay outputs. Additional com- 
mands cause the 6002 to respond with 
audible tones indicating the open or 
closed condition of each relay output and 
each logic status input. 

An audio input ts provided to allow 
telephone monitoring of an audio source 
at the remote site. An internal test tone 
generator responds to a Touch-Tone 
command, An internal timer auto- 
matically disconnects the 6002 after a 
period of no activity. 

The 6002 is housed in a gray, wall 
mount enclosure. Standard barrier strip 
terminals are used for easy installation. 
An outlet mounted power supply ts pro- 
vided for operation from 117 VAC. 60 
Hz. Contact: Monroe Electronics, Inc., 
100 Housel Ave., Lyndonville, NY 
14098 or R.S. #232. 


TAKE YOUR 


CHOICE 


Replacement Battery 
For Handheld Radios 


N.C.E. has introduced a new Power 


Group battery compatible portable radios 
made by Yaesu, Uniden Foree, Wilson 
and others. The new product includes 
repairable features of other Power Group 
designs. Price per unit is $23.00 for up to 


Models Available 
VHF thru 900 MHz 


Lunar’s GaAS FET Preamps on your 
repeater makes your customers’ handheld 
as powerful as though they were using a 40 
watt amp and 30 pound battery. 


Typical circuit improvements reported by our customers us- 
ing Lunar’s GaAS FET Preamps indicate a6 to 9 dB improve- 
ment. In other words, by installing a 7 ounce Lunar GaAS 
FET Preamp at your repeater, your customers’ signal from a 
5 watt handheld is equivalent to his using a 40 watt amp and 


30 pound battery. 


Users state that areas which were nee Cons 


formerly considered fringe reception 


areas are now rock Solid. 


: 


‘electronics 


Increase your competitive position by 
4 A Division of Lunar Industries, Inc. 
installing a Lunar GaAS FET Preamp 2775 kurtz Street Suite 11 


in your repeater now. 


San Diego, CA 92110 
(619) 299-9740 Telex: 181747 
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nine units and $19.00 each for 10 or 
more. Contact: N.C.E. Mail Station 
331. 9925 Lyndale Ave. So., Bloom- 
ington, MN 55420 or R.S. #231. 


Microprocessor Programmed 
Ni-Cad Battery Analyzer 

The Alexander TAI500 battery 
analyzer utilizes a microprocessor pro- 
grammed especially for nickel cadmium 
batteries. The analyzer first fully charges 
the battery, followed by a deep discharge 
to | volt per cell, At this point, it com- 
putes the actual capacity of cycle and 
reads out in ‘milliamp hours’ (MAH). 
No monitoring is necessary because the 
reading remains while the battery is 
completely recharged. The TAI500 ts 
available for most nickel cadmium 
balterics. 

Special applications such as single 
cells and high capacity packs can be 


accommodated. The compact TA1500 is 
built for a specific voltage and capacity 
range, The unit must be returned to the 
factory to be changed from one battery 
type to another. Contact: Alexander 
Manufacturing Company, Box 1645. 
Mason City. [A 50401 or R.S. #230 


Subminiature, Sequential 
DTMF Tone Decoders 

Data Signal’s subminiature DTMI 
decoder MTD-200 accepts transmission 
of all 16 standard DTMF tones. The 
small size makes it ideal for handheld or 
mobile radios with severe space 
limitations 

The board consists of a highly accurate 
erystal controlled DTMF band-splitting 
filter and DTMF decoder. A diode mutrix 
PROM-programmable chip holds the 
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user-specified code, Factory coding of 


the PROM is available or users may 
program it in the field by using a field 
programmable coding plug. 

When the MTD-200 receives a prop- 
erly sequenced code, it sends an alert 
tone to notify the mobile that a call ts in 
progress. The unit's digitally synthe- 
sized tone decoder provides low current 
drain, high frequency stability.and al- 
lows operation over a wide temperature 
range. 

Capable of decoding a one to eight 
digit sequence, the MD-803 sequential 
DTMF mobile decoder can be used with 
most radiotelephone systems. The 


MD-803's erystal-controlled DTMF de- 
coder and tone filter offer low current 
drain, a high resistance to radio frequen- 
cies (RF). and a wide temperature oper- 
ating range. 

The MD-803 has a unique calling 
capability that allows it to respond to 
elongated digits. The digits can be as- 
signed on the first digit of a call as well as 
most other digit locations. This provides 
unlimited capability of All Call. Group 
Call. and Sub-Group Calls. 

Positive command reset comes stand- 
ard. It allows the caller to extinguish the 
call light and remute the speaker. The 
MD-803 also offers an acknowledge- 
ment transponder and a call light and 
audible alarm. The transponder auto- 


matically energizes the transmitter and 
sends a tone back to the caller giving the 
mobile status, Upon receipt of a wrong 
digit the decoder is automatically locked 
out and remains reset until the start of a 
new sequence. 

The call light and audible alarm notify 
the mobile that the MD-803 has been 
properly addressed. A relay will activate 
the vehicle's horn or lights if the driver is 
away from the vehicle. Complete with 
mounting bracket, the MD-803 is in- 
tended for installation in vehicles with a 
13.6 volt electrical system. Contact: 
Data Signal, Inc., 2403 Commerce 
Land, Albany, GA 31708 or R.S. #222. 


5 Tone Sequential 
Encoder-Decoder 

American Microsignal’s newest 
miniature five tone sequential encoder 
and decoder is especially designed for 
use in hand held radios. Fully field pro- 
grammable, the AMC Model 555. will 
decode any combination of two, three, 
four or five tones in sequence of standard 


need to monitor remote sites. 


The Systern may be used to monitor schools, 
irrigation systems, pumps. compressors, pleasure craft, 
warehouses or any other unattended site for unauthorized 
entry, power failure. fire, overflows etc. A maximum of 
24 normally open or normally closed sensor inputs can 
be monitored at up to 999 remote sites 

Double redundant digital signals with auto 
acknowledge and auto retransmit provide 
exceptionally high signalling integrity. In addition, 
the Alarm System Controller interrogates each 
remote site on a continuous or periodic basis, as 
selected by the operator. Failure to respond to the 
polling message alerts the operator instantly to an 


Alarm Monitor System 


The Ferritronics Alarm Monitor System represents both an 
exciting profit opportunity for enterprising dealers, and an 
economical alternative for radio system users who have a 


equipment failure anywhere in the system. 

This equipment is fully compatible with all 
models of two way radios and may be 
incorporated into new or existing radio systems at 
modest additional cost. 


For more information call TOLL-FREE 
(800) 828-6884 
NY: (800) 462-7242 
CANADA: (416) 884-3180 


FERRITRONICS 


MOBILE DATA SYSTEMS 


1319 Pine Avenue 
Niagara Falls. N.Y. 14301 
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and special tone code formats including 
CCIR. ZVEL. and NATEL tone 
frequencies. 

The encoder portion automatically 
transponds or may be activated by the TX 
key line for vehicle or number identifi- 
cation or “answer buck.” For the OEM, 
the hybrid Module 556 is available ready 
for PCB insertion. For full underdash 
function, the Model 580 supplies. call- 
lighVreset, audible or horn honk capa- 
bilities and a LO position status selector. 

AMC says the small size makes in- 
board installation easy, even in many 
handheld radios, making this type of 
selective signaling very practical. Digital 
filtering has been built-in, assuring 
excellent performance under adverse 
signal-to-noise ratios, The filtering is 
designed with a wide dynamic range and 
accepts tone amplitude down to 150 mV 
RMS. 

The 555 may be employed in two-way 
radio selective calling or in telemetry 
telephone or security applications. Con- 
tact: American Microsignal Cor- 
poration, 8431 Monroe Avenue, Stan- 
ton, CA 90680 or R.S. #228. 


Grounding Assemblies 
Instrument Specialties has an- 
nounced the introduction of new electro- 


static discharge and grounding products. 
The new parts allow grounding of high 
voltage static discharge with discrete 
points of contact. 

These new assemblies combine opti- 


mum contact force with a minimum of 


stress on the contact. The grounding as- 
semblies are precision manufactured 
from beryllium copper with all its in- 
herent advantages. A complete spectrum 
of platings ts available to ensure galvanic 
compatibility. 

Off-the-shelf assemblies include the 
mushroom, with a plastic push rivet 
which mounts through a 0.250 inch dia- 
meter hole. The pop-up is a brass spring 
loaded assembly in a serrated cup for 
easy snap-in mounting. The brass con- 
tact plate is used with both the mushroom 
and pop-up assemblies as a mating sur- 
face. Grounding bars can be mounted on 
chassis and cabinet frame components by 
riveting, heat staking. or by using com- 
mon hardware. Special designs engi- 


neered precisely to meet individual re- 
quirements arc available with a mini- 
mum of lead time. 

More detailed information on these 
products is available in Instrument Spe- 
clalties’ new manual, “Guide to [nter- 
ference Control.” available free upon 
request. Contact: Instrument Special- 
ties Co., Inc., Delaware Water Gap. PA 
18327 or R.S. #226. 


Leather Cases 
Fit Radios, Pagers 

Barnhill Brothers has introduced a 
new product line of leather radio and 
pager cases. The Key Kases are designed 


for precise fit and easy access to units. 
Key Kases can be custom-made in vari- 
ous colors and materials. Contact: 
Barnhill Brothers Co., 27 North Prince 
Street. Lancaster. PA 17602 or R.S. 
#229. 


Bus Service Efficiency 
Enhanced By Data Interface 

Automatic ticket machines are inter- 
faced with mobile radios via a data link 
between the ticket machine and the digi- 
tal signaling module of a Pye Telecom 
mobile radio. Valuable information can 
be transmitted to headquarters contro! 
automatically. 

While bus drivers have only to issue 
lickets as before, their dispatchers can be 
fed information about the identity of the 
bus, its location. how full it is and 
whether it is on schedule. The infor- 
mation can be stored in the computer and 
retrieved later or be used immediately, 
either as a hard copy print-out or ona TV 
monitor screen, 

At a glance, dispatchers can see if 
buses are being bunched by traffic or 
weather conditions, running carly or 
late. and know exactly where they ure on 
their route. It is only then that the radio is 
used In its speech mode to give assistance 
or instruction to the bus driver. 

Pye Telecom’s two new mobile 
radios, designed specially for users like 
bus operators and the fuel and power 
industries, have all the features required 
to make very sophisticated vehicle route 
management a simpler and more efficient 
process. This has been achieved by the 
cooperation of Control Systems of Ux- 
bridge and Pye Telecom in the develop- 
ment of a suitable data interface between 
the “Farespeed™ electronic ticket ma- 

(Continued on page 78.) 
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Standard Communications 


is the biggest 
opportunity going in 


land mobile radio. 


That's saying a lot, but as 
any of our dealers will tell you, 
Standard has what it takes to 
really compete in the rapidly 
expanding land mobile busi- 
ness radio market. 


FM91 microprocessor-controlied, 
120-channe!l mobile 

Our product line is 
precisely that, the right mix of 
products enabling you to take 
on any application. We now 
offer mobiles ranging from 
economical 2-channel crystal- 
controlled models up to our 
newest high tech, micro- 
computer 120-channel FMS00 
Series. Add to that our proven 


handhelds, a new base station 
that fits any office decor, and 
our PG50 the industry's only 
pager offering tone, voice, 
digital display or any combina- 
tion of the three in a single unit 
And when cellular becomes 

a factor, were more than ready. 


We back our dealers to the 
hilt with a support package 
including lead-producing ads 
and sales aids, Co-op, financial 
management, special discounts, 
and the kind of field service and 
training geared to produce 
results. 


FX60 2-channel base station with 
digital clock, intercom 


PG5O, the industry’s only HSC pager 
offering tone, voice and digital display 
in a single unit. 


If you would like to join the 
fastest-growing land mobile 
radio team in the country, call 
us for a copy of our dealer 
planning guide “The Business 
Radio Opportunity” toll-free 
800/421-2916 (in California 
213/532-5300) 


We Or Nae Wii ; 


Wed like you to be part of 
our future. 


_. Standard 
~. Communications 


PC Box 92151 
Los Angeles. CA 90009-2151 


...the business radio people 
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_ IT’S EASY WITH A 


HELPE 


rots rat iS LOL REM BRE IS 
ai tek . 
Full voltage range; 
microvolts to - 


hes, 


beyond 1 gigahe a 


accurate measurements. 
Less than twocpicofarads ~ 
Pcitcut loading in any 
measurement mode. , 
Bry test’bench 
II range RF 


t 


800 / 327-9308 
305/777-1440 


HELPER INSTRUMENTS COMPANY 
P. 0. BOX 3628 * INDIALANTIC, FL 32903 
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Save time, save money on 


PROFESSIONAL ANTENNAS 


order from our 


_. FREE 
=, CATALOG 


All new, with 24 pages 
of famous SIGNALS’ 
top-quality antennas 
and accessories — Mobiles, Broadband Arrays, Yagis, 
Ringos, Sigflex portables. Plus new Sigpower bat- 
teries, Cablewave transmission line systems and many 
more new products for the professional user 
TOLL-FREE ordering from our Catalog at direct- 
from-manutfacturer prices saves you time and money 
We ship from stock within 48 hours 
CALL NOW for your catalog with special savings 
offer for new customers 


TOLL-FREE: 1-800-258-3860 


or mail coupon today 


| Signals === 


! i 
r SIGNALS COMMUNICATIONS CORPORATION 7 
One Signals Park 
[| P.O. Box 4833, Manchester, N.H. 03106 MRT #1 1 
I ( Rush me your (ree Catalog of professional antennas and fi 
accessones 
; Name ; 
I Company name B 
| Address | 
i dip I 
I Phone No. _ | 
| 
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chine and Pye FM 900 two-way radios. 

Pye’s FM 900 and MX 290 radios 
represent a generation of two-way radios 
designed for data transmission and tele- 
metry as well as speech. Both feature 
major developments in solid state cir- 
cuitry which ensure high reliability and 
minimize maintenance down-time, 

The FM 900 is an “intelligent” 
frequency-synthesized mobile radio in- 
corporating a large capacity micro- 
computer. Built-in facilities give access 
to a wide range of sophisticated software 
options, making the radio suitable for 
interfacing with fully automatic vehicle 
location and monitoring systems, with- 
out increasing its operational com- 
plexity. The microcomputer is able to 
“handshake” with its equivalent in the 
electronic ticket issuing machine over a 
standard data link such as an RS232. 

The MX 290 series two-way mobile 
radios also incorporate frequency syn- 
thesizers and offer up to 250 channels, 
with a choice of conventional or keypad 
control. Designed on a modular basis, 
these mobiles give users a wide choice of 
options and facilities, enabling complete 
systems to be tailored to a customer's 
eXact requirements from a range of stan- 
dard products. Contact: Pye Tele- 
communications Ltd., St. Andrews 
Road, Cambridge. England CB4 1DW 
or R.S. #227. 


Motorola Reduces 
Mobile, Portable Prices 

Motorola has announced price re- 
ductions for portions of its mobile and 
portable radio lines. Specific product 
prices in many frequency bands and 
power levels have been lowered. 

Both conventional and trunked mobile 
radios have been reduced, some con- 
ventional models having reductions of 
12% to 14%. The conventional mobile 
products include Syntor X, Syntor, 
Mitrek, MCX100, Motrek, Maxar 80 


and Moxy. The trunked mobile units are 
Mostar and Traxar. 

Portable price reductions of most 
models range from 1 1% to 23%. The low 
ticr HT90 and HT440 have an average 
price decrease of approximately 15%. In 
the high tier MX300 series portables, all 
one and two frequency models, in the 
150 MHz and 450 MHz band, and all 800 
MHz radios have been lowered. Motor- 
ola’s smallest portable. the Expo, has 
also been marked down. Contact: 
Motorola Inc., Communications Sec- 
tor, 1301 E. Algonquin Rd., Schaum- 
berg. IL 60196 or R.S. #225. 


Portable, Bench Soldering, 
Desoldering Systems 

Pace’s new Micro provides a self- 
contained power desoldering and sol- 
dering system that can be used anywhere 
electronic equipment needs to be 
repaired—in depot, in mobile vans, in 
remote field service centers, or on-site. 

The Pace Micro warms up in one min- 
ute. Desoldering and soldering are ac- 
complished with a single handpiece with 
a finger activated vacuum. The Micro 
provides spike-free MOS safe operation 


and precise Up temperature control high 
reliability repair. [t operates on AC and 
12 VDC sources. 


Pace’s SX-301 is a completely sell- 
contained, spike-free power desoldering 
and soldering system. The system con- 
tains two variably controlled polarized 
outputs for temperature level control, 


Mobile Rache Technology 


zero power switching for safe ESD oper- 
ation, a fast-rise vacuum pump with 


fixed vacuum outlet, a variable pressure 
ouulet for pressure and hot-air jet opera- 
tions and easy foot pedal control switch, 

The unit is corrosion proof and is 
shock mounted for vibration isolation, 
Also featured is the No Clog dual path 
solder extractor. Contact: Pace, Incor- 
porated, 9893 Brewers Court. Laurel, 
MD 20707 or #223. 


Hybrid CTCSS Encoder/Decoder 
Tunes 50 to 260 Hz 


The 86022B is a new generation of 


CTCSS encoder/decoder from White 
Technology and is frequency tunable 
from 50 to 260 Hz. Using a single fixed 


resistor, the device may be set to any of 


the distinct CTCSS tones, including the 
37 EIA frequencies. Any tone frequency 
between 50 and 260 Hz may be tuned 
using an external potentiometer. 

The encoder/decoder provides com- 
plete CTCSS capability of new or ex- 
isting Communication equipment. State- 
of-the-art thick film hybrid construction 
is utilized to combine a low-pass filter, a 
comparator, a switch, a bandpass filter, 
and four other devices in a very small 
ceramic package. 
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The use of micropower components 
and the small physical size make the 
86022B suitable for battery powered, 
handheld and mobile transceivers. It may 
also be used for multitone encoding and 
decoding, using solid-state switching of 
the tuning resistors. Current con- 
sumption is typically 2.7 mA at 7.5 
volts, while supply voltage requirement 
is 4 volts to 15 volts. 

Temperature stability is less than 50 
ppm per degree of Centigrade. Operating 


temperature range is —30°C to + 70°C. 
Two models are available. The 
86022B-2 time is typically 200 msec. 
Both have a typical decode mode turn-on 
time of SO msec, and a typical encode 
turn-on time of 10 msec. 

In the decode mode, the switch output 
of the device is ground until a signal is 
received. The tone input results in an 
open collector at the switch output. This 
unsquelches the receiver as long as the 
tone is present. During encode, the de- 


Increase 
channel capacity 


with 3/4-second DTMF ANI plus status messages 


Model SE-713 DTMF ANI plus 
status mobile encoder 


Model DP-772 DTMF display 


Reduce mobile on-air time 


Equip your fleet of mobile units with the SE-713 or SE-714 DTMF automatic number 
identification (ANI) plus status encoders, and let the dispatcher monitor on a DP-772 


DTMF display. 


SE-713 Features 


@ SMALLEST full-featured unit available. 

© Field-programmable for one to six ANI 
digits (three standard); each digit may be 
0 through 9 or *&, *, A, B,C, D 

@ Up to 100 status messages. operator- 
programmable with front-panel, back-lit 
thumbwheel switches: each digit may be 
0 through ©. 
Message initialed by PTT (or off-hook) 
operation, by mobile decoder {for auto- 
matic transpond of status}, or by front- 
panel push button.’ 


SE-714 Features 

Same as SE-713 features. plus timer to: 

© Inhibit message for timed period after first 
message transmission (for short. rapid 
voice responses without DTMF message). 

# Repeal message after timed period of con- 
tinuous transmission ("stuck mic” feature). 


DP-772 Features 


® LOWEST PRICE 

® ield-programmable for DTMF message 
lengths from two to seven digits (plus an 
eighth nondisplayed digit) 

@ Blank spaces insertable anywhere in dis- 
played message 

@ Alarm circuit: detects any designated 
DTMF alarm symbol in any designated 
digit position. 

® Operation from 120 Vae or 12 Vde. 

e No display of message with too few or too 
many digits. 

@ Internal chime for each new valid message 

® Large (0.5-inch). bright LED digits. 

® Displayed digits: 0 through 9 (+, =. 
A through D displayed as “0 but may 
function individually as alarm or start digit). 


© Digit rate: 10 digits,s standard: adjustable 


from 0.5 to 20 digits’ s. 


Write today for the Cetec Vega tone signaling products catalog, 
P.O, Box 5348. El Monte, CA 91734. (213) 442-0782. TWX: 910-587-3539, 


€ Cetec Vega 


Division of Cetec Corporation 
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GLOBAL TELERAD’S 
QCU-8200 


Universal Visor-Mount Radiotelephone 


ya 


" Microprocessor Control 
" Solid-state delay-free actions 
* Illuminated keypad 

8 number LED display 

On- or off-hook DTMF dialing 


FEATURING 


Voice answering service module 
Compatible/all major brand transceiver 
Full trunking or conventional 
Simplex. half or full duplex 

TSMR, LTR, SMART/IMTS functional 
Radio Dispatch retained 


= 


Priced very competitively! 


Global Telerad, Inc. 
410 Jackson Street 
Mankato. MN 56001 


(507) 625-8123 
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NOW THERE’S A CHOICE! 


Fully programmable CTCSS 
Encode and Encode/Decode 


179DS Encoder 
"37 EIA tones 67.0-250,3 Hz 
*Quanz Crystal Accurare 
*DIP Switch Programming 
*5 to 20 V-DC Operation 
*Low current consumption; (Sma) 
*Small size: 1.1" x 6" x 35" 


$27.95* 


, 
yA 


502DS Encode/Decode 
*37 EIA tones 67.0-250.3 Hz 
*Quanz Crystal Accurate 
*DIP Switch Programming 
*5 to 20 V-DC Operation 
*Low current consumption: (6ma) 
*Small size: 1.3” x 1.3” x .350” 
*Internal Audio Gate *High Pass Filter 


*Deoler 1-9 price 
Available for immediate delivery. To order 
or for more information contact 


Ww rans com inc. 


703 Suite 13 Annoreno Dr, 
Addison, IL 60101 (312) 543-9055 
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vice generates the precise tone signal al 
the output for modulating the 
transmitter, 

The 86022B is readily available in 
volume production with delivery from 
stock to 4 weeks. The price for either 
model in quantites of 100 is $32.45 each. 
The 86022BE, an encoder only, is 
$14.95 each in quantities of 100. 
Contact: White Technology, Inc., 4246 
E. Wood Street, Phoenix, AZ 85040 or 
R.S. #224. 


Operator Console For 
Paging, Answering Service 

BBL has introduced the Opcon-Plus. 
Originally designed to be used as an 
operator input device for tone only and 


numeric input pagers, the Opcon-Plus 
now has applications for both paging 
operations and telephone answering 
services. 

For a paging operation it can be used to 
generate the necessary DTMF tone pad- 
ding to signal the pager. Since it can be 
connected to the main frame computer 
system, it displays any information re- 
lated to a particular subscriber on a liquid 
crystal screen. In addition, this allows 
the operator to visually verify the infor- 
mation prior to sending it. 

One of the features of the Opcon-Plus 
enables an operator to transmit not only 
the ten numeric signals, but also the 
letters A, B, C, and D. Currently, these 
letters are being used on some numeric 
pagers on the market. 

Besides its uses with pagers, the unit 
can offer a variety of services to a TAS 
operation. By using either semi- 
automated or manual operation position, 
the Opcon-Plus can be used in con- 
junction with the BBL. voice retrieval 


system (VRS). The operator can patch a 
call into the VRS merely by pushing a 
button. The call is immediately trans- 
ferred to the VRS, where the caller's 
message can be recorded by the VRS just 
as it was delivered to the operator. 

The Opcon-Plus also allows the oper- 
ator to transmit DTMF code to the VRS, 
so that the system can be remotely ac- 
cessed. For example, when an incoming 
caller is dialing from a phone that does 
not have DTMF, the operator can inter- 
face for the caller and enter the necessary 
DTMF code. In addition, the operator 
may distribute messages to more than 
one VRS mailbox. Contact; BBL Indus- 
tries, Inc., 2935 Northeast Parkway, 
Atlanta, GA 30360 or R.S. #220. 


RF Power Amplifier 

Trilectric’s new RF power amplifier 
for repeater applications is designated 
the A-6100UR. It produces 70 to 100 
watts Output power when driven with 2 to 
6 watts input. Operating in the 450 to 512 
MHz frequency spectrum, the 
A-6100UR utilizes an advanced stripline 
design which allows operation within a 
20 MHz bandwidth with no degradation 
in power output. The A-6100UR features 
a sealed aluminum alloy case con- 
struction for reduction of RFI. Mounted 
ona 19” x 10” rack mount heatsink, the 
A-6100UR is capable of operating at a 
continuous duty cycle without the need 
for a cooling fan. Standard RF con- 
nectors are SO-239 with optional N- 
connectors. Contact: Trilectric or R.S. 
#219, 


Recorders Feature 
Building-Block Modules 
Magnasync® has announced a new 
record/reproduce module to complete the 
Specialist™ series of computer con- 
trolled communications recorders. 
Equipment may be configured to suit 
individual applications, without un- 
necessary duplication of functions. 
Four complete modules can be housed 
in a single cabinet. The new units offer 
up to 40 channels per deck, or up to 160 
record/reproduce channels, Full micro- 
processor control via a touch-sensitive 
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membrane panel provides simplified op- 
eration, built-in time code generator/ 
reader with automatic search, fail-safe 
features. self-diagnostics and pro- 
grammable transfer between decks. Con- 
tact: Magnasyne/Moviola Cor- 
poration, 5539 Riverton Avenue. North 
Hollywood, CA 91601 or R.S. #218. 


Computer Controlled 
Encoder/Decoder 

STC has introduced the MED-100 
tone encoder-decoder for paging sys- 
tems, two-way radio, cordless telephone 
and data transmission. Two-tone, five- 
tone, DTMF and FSC signaling pro- 
tocols are accommodated for ZVEI, 
CCIR, NATEL and RS-232C speci- 
fications. The MED-100 incorporates a 
Z-80 microprocessor with battery 
backup for RAM and real time clock 
functions. 

Tone sequences may be field pro- 
grammed. One or two-way tone and 
voice, digital and display paging are 
handled via tone or binary codes pro- 
vided along with busy channel monitor- 
ing, automatic station ID, and full mo- 
bile frequency coverage. 

Computer interface with RS-232C has 
telemetry and security applications, ve- 
hicle fleet control provision, and data 
transmission ability. The MED-100 has a 
uni-directional microphone mounted on 
a flexible gooseneck. a six-watt audio 
amplifier, and external connections for 
additional microphones and speakers. 


Accessories include remote control, 
intercom and PBX or PABX interfaces 
and an acoustic modem. Contact: STC 
Electronics, 161 Brugsesteenweg, 8500 
Kortrijk, Belgium, Europe or R.S 
#217. 


Controller Price Reduction 

The Tektronix 4041 instrument sys- 
tem IEEE-488 controller US base price 
has been reduced to $3995, a decrease of 
20% from its original price of $4995. In 
addition, Tektronix is making available 
three new memory configurations — 
128K, 256K, and 512K bytes—priced at 
$700, $1200, and $2200 respectively. 
This is about 70% less than the previous 
price for the instrument's memory con- 
figuration which was based on 32K byte 
increments. 

The price reduction was brought about 
by the deletion of the 4041's 32K byte 
increments and the replacement of the 
controller's 16K RAMs with 64K 
RAMs. “The price reduction and new 
memory sizes positions us more effec- 
tively in the instrument controller mar- 
ket,” states Jim Jadin, marketing product 
manager, “without sacrificing the 4041's 
performance or reliability.” Contact: 
Tektronix, Inc., P-O. Box 500, Bea- 
verton, OR 97077 or R.S. #216. 


LITERATURE 


Full Color Catalog Of 
Communications Batteries 
Multiplier has announced the avail- 
ablility of its new 12-page full color 
catalog for communications batteries. 
Catalog #850 lists and cross references 
over 300 nickel-cadmium. alkaline and 
mercury batteries for handheld trans- 
ceivers, pagers and other applications. 
The new catalog features full color 
photographs of Multiplier’s battery pro- 
ducts, as well as technical discussions 
regarding the high reliability of nickel- 
cadmium communications batteries, and 
a thorough discussion of the merits of 
primary, disposable communications 
batteries. Contact: Multiplier Indus- 
tries, Inc., 464 South Tenth Ave.,. 
Mount Vernon, NY 10550 or R.S. 
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THE TUNED ANTENNA CO. 


y: ‘Quality thru Technology 


Tuned Duck,,, 


3 DB gain over other Rubber Ducks. 


MULTI BASE ANTENN 
SYSTEM 


Base Cn 


The 


Pluvides the service tech with a 


Tuned Ameona Myths 


anlennmas ard connectors to ft any '7 


IMPORTANT NOTE: 


MTs |'Do not provide a 50 OHM ground plane 


impedence 
The Yuned Ouck is tuned not only to moet your 
but fo match that HT 
impecence that equals maximum performance 
Re ber when you tune a ruDher duck on a 50 OHM 
ground plane you have neariy a 50% mismatch that 


frequency requiremenis 


equals iow performance 


The rugged construction with plated cars soldered to al 


connectors ‘not sweged Or pressed On). Special vinyl 


coverngs selected for tis RF anc mechanical charac- 


lensiics oriced al $610 far BNC base and $425 for 
Motorola Base im 24 ¢ 


quanuty will prowice you both 


eacelient profit anc cing performance plus we 


will tune to your frequency 24 pes of more 


TWO WAY DEALERS - OEM 
CALL (619) 268-0720 


THE TUNED ANTENNA CO. 
9520 Chesapeake Dr., #603 
San Diego, CA 92123 
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“Would Dr. Jones 
please raise 
his hand?” 


In your business the answer has 
to be YES! 

If you're involved in radio paging, 
you know that reliability is per- 
haps the most important aspect 
of your system. Glenayre proudly 
presents the GL RNS3000 com- 
bined radio paging and voice 
retrieval system — we're 

already leading the way to new 
industry heights. 


Truly the most versatile and 
reliable system available today or 
tomorrow! Using pulse code 
modulation (P.C.M.), together 
with Winchester hard disk voice 
storage, the GL RNS3000 en- 
sures the highest voice quality, 
dynamic range and grade of 
service. All analog and digital 
formats — present and future 
— tone-only, tone and voice, 
display, mailbox and network- 
ing. Glenayre has it all. 


The ultimate combination 

— Glenayre's proven track 

record in radiotelephone 

terminals together with the best 
: after sales 

service in the 

ndustry. Can 

you afford not to 

| investigate this 

= revolutionary 

5» system? 

Do you want 

Dr. Jones to raise 

his hand? 


aeaeOerevases 


eH SARE Call Glenayre — 
get the facts! 


The GL RNS3000 
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Glenayre 


4g ee ctronics 


U.S.A. Canada: 
12 Pacific Highway, 1551 Columbia Street, 
Blaine, WA 98230 North Vancouver, B.C. 
(206) 676-1980 V7J 1A3 

(604) 980-6041 


CS-950 


SIMPLEX/HALF DUPLEX 
INTERCONNECT 


CONNECT — Diet mE ehacey 


+ ry Smeces Inveaconnecr 
iia SA wor, ce. “eo 


Fal 


NO OTHER PATCH RIVALS THE PERFORMANCE 
AND EASE OF INSTALLATION OFFERED BY OUR 
CS-950. THIS CLAIM IS BACKED BY OUR 30 DAY 
RETURN PRIVILEGE! 


COMPARE THESE FEATURES 


* Audio Pre-Amp: 20MV to 3V sensitivity « Pulse Converter: 
Compatible with all Telcos « Fast Vox: digitally processed. 6 
Ms attack typical « Dial Restrict: user definable toll restrict 
digits * Tone Block: no mobile DTMF tones to Telco « Three 
Connection Interface: audio in/out and PTT * Three Digit Ac- 
cess Code: ‘and two user defined digits « Manual Con- 
nect/Disconnect Switch * SSI-201 Single Chip DTMF 
Receiver * Ringout « Ringout Drive: can drive an external en- 
coder to permit selective ringout « Busy Channel Ringout In- 
hibit * Fully Digital: No timing adjustments * Operates 
Simplex or through a Repeater * 25 Second Activity Timer « 
Three Minute Timer * Timer Reset Capability: simply send a * 
to reset 3 minute timer: Half Duplex: just add a strap © Glass 
Board: exceptional quality * 115VAC Power Supply = 
Modular Phone Jack » Attractive Metal Desk Top Enclosure « 
One Year Factory Warranty 


COMPARE THIS QUALITY 


OPTIONS: Phone Coupler: Trunk Hold Pulser 


— Connect Systems Inc.—— 


P.O. Box 4155 
Torrance, CA 90510 


Phone (213) 373-6803 
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CTI Manufacturing Company has promoted Robert Joiner 
to executive vice president and also named him as director of the 
company. Joiner will be responsible for guidance in all areas of 
the company’s activities with particular emphasis on develop- 
ment in the cellular marketplace. Thomas D. Keenum, Sr. was 
also named a director of the company. Keenum is president of 
and senior counsel of Keenum & Keenum, P.A. Booneville, 
Mississippi and is presently active as general counsel and with 
the Boards of Bench Craft, Inc., and Moss Hill Holdings, Inc. 


John Meurling has been appointed to the newly-created 
position of vice president for investor relations within the 
Ericsson Group management. Meurling will spend half of his 
time in the United States, establishing his headquarters at The 
Ericsson Corporation in New York. 


M/A-COM Land Mobile Communications, Inc. has named 
James C. Flowers as director of marketing and sales. Flowers 
assumes the responsibility for the division's conventional and 
cellular radio sales. 


Reed L. Royalty has been named vice president of external 
affairs of PacTel Mobile Access, the new cellular mobile 
telephone subsidiary of Pacific Telesis Group. He will be 
responsible for governmental, regulatory, business and public 
relations for the firm, which is headquartered in Costa Mesa, 
California. 


Richardson Electronics has appointed Richard Ermlovich 
area manager for their new office in Orlando, Florida. This 
office will handle the states of Florida, Georgia and Alabama. 


DAY Telecommunications has announced the appointment 
of Thomas Lyerly as vice president of engineering. Jim Nelson 
has joined DAY Telecommunications as vice president of 
murketing/sales. 


RF Monolithics, Inc., (RFM) has appointed Ron Jones vice 
president of manufacturing. He will be responsible for wafer 
and device manufacturing, corporate purchasing and corporate 
facilities. 


Rocco A. Eramo, of John Eramo & Sons, a construction firm 
in Columbus, Ohio, has been elected to serve as chairman of the 
board of the Special Industrial Radio Service Association. 
Eramo’s election came on the eve of the Association's 30th 
anniversary. aR, 


IIIEO MAILS TET 


Mobile Radio Technology 


DOUBLE 
and TRIPLE 
Your H.T. COVERAGE 


SUPERSKYPROBE" by 400 ee 


Commercial, Military, Police and Amateur VHF 
Hi-Band and UHF Models 


Gain 10 Db over a Duck 
Professional Black Metallized Finish 
BNC Base $49.95, Mod. 1 

Motorola, G.E., REPCO, etc. $79.95, 
Mod. 2 thru 4 


Call or Write 


MODUBLOX & CO., INC. 
2167 Calle Guaymas 
La Jolla, CA 92037 


Tel. (619) 456-0016 
TIx. WU! 683-4029 
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Cal Cal Crystal 


Land F Mobile 
Crystals 


with‘Superior 
ACCUIACY 


SUPER SERVICE & COMPETITIVE PRICING 
Emergency Service in 24 hrs., 72 hrs., 1 wk. 


Call toll free 8OQ-854-X TAL 


(in California call 714-991-1580) 


CAL CRYSTAL 

California Crystal Lab., Inc. 

1142 N, Gilbert Street 

Anaheim, CA 92801 
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‘It’s here! 


Mark’s new Line 

of Two-Way Base 
Station Antennas 
for 135-175MHz VHF 
& 406-512MHz UHF 
Bands. 


THEY’RE UPS 
SHIPPABLE! 


Mark’s new two-way base 
station antennas are rugged, 
lightweight and are suitable 
for mounting to the top or 
side of a tower. 


The VHF antenna has a gain 
of 6.0 dBd omni directional, 
9.0 dBd with elliptical pattern 
with a 20 MHz bandwidth. 


The UHF antenna has a gain 
of 9.2 dBd omni directional 
and 10.4 dBd elliptical with a 
30 MHz bandwidth. 


Both feature individually 
gamma matched array and 
corporate feed harnesses, 

assuring equal in-phase 

power distribution to all 
radiating elements. 


Cail or write for Mark’s 
catalog on the new cellular 
directional and omni direc- 

tional base station antennas 
now in use by AT&T’s nation- 
wide mobile phone service. 


MARK ANTENNAS 


SATELLITE © 
PO. Box 1648 + 2160 &. Wo! Road, 


ines, {L 6001 
8 poonaeee 4-800-323-5273 
bolt ages (Anixmark) 
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MOTOROLA RADIOS 
Buy & Sell! 


We pay fair prices for Motorola mo- 
biles, bases, repeaters, portables 
and pagers. Will buy one or an entire 
system. We also sell the same 
equipment at truly wholesale prices. 
Nationwide references available. 
WY 
2, — CALIFORNIA RADIO 
16943-6200 Road 
Montrose, Colorado 81401 
Len Rusnak 
9 a.m.-5 p.m. (MST) 
(303) 249-1414 
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CRYSTAL 


@ Quartz Crystals 
M Crystal Oscillators 
HM Microprocessors 


48 HR. 


Service 
AVAILABLE 


(513) 522-3300 
TELEX 21-4545 
1727 W. Galbraith Rd. 
Cincinnati, OH 45239 
Precision Quality Quartz Crystals 
“Any Quantity... 
Made To Your Specifications” 
Reader Service No. 79 


RADIO TOWER 
MICROWAVE-TWO-WAY- 
CELLULAR 
Westchester Cnty, NY site 
500 ft AMSL-300 ft self-support tower 
Clear path to NYC, Staten Island, Conn., NJ; 
30 yr terms avail. Geo. co-ord 
N 41 deg., 02 min., 53 sec 
W 73 deg., 50 min., 11 sec 


Contact: TELEMIX CORP. (914) 997-0343 


MOTOROLA IMTS 
MOBILE TELEPHONES 
VHF, TLD1100A with Pulsar | control heads 
$525. Transceiver only. less accessories and 
channei elements $200. TLD1220A, Pulsar | 
100 and UHF, T1414A units available. Call for 
price. 


R.D. Rumpft 

THE CELINA CORPORATION 
Celina, OH 45822-0121 

(419) 586-5626 


in one of the following fields: 


Education: 


Microwave and multiplex systems - 
and control systems - data networks. 


MIL Spec. Radio Equipment— AN PRC-88. 47 
to 57 MHz, solid state, 0.5W output FM, 
weight— 14 oz., $145 pair. S.A.S.E. and $1.00 
for current listing of equipment. Michael P 
Murphy. 11621 ValleVista Rd., Lakeside. CA 
92040, (619) 561-2726 


WE BUY, SELL AND REPAIR 
SERVICE MONITORS 


e Singer (Ailtech) ¢ IFR 
e Cushman ® Motorola 
Call “The Service Monitor Specialists” 


DON SIMON 
(213) 322-3666 


qo 


356 Hillcrest St., El Segundo, CA 90245 
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ELECTRONICS ENGINEER | 


(Telecommunication Systems) 
Salary $2815 - S3132/Monthly 
Plus Benefits 


BSEE 


Experience: Minimum of four years experience in system engineering 


mobile radio systems - command 


Mail resumes to: 
Mir. Don Williams 


Dept. of Communications 


500 W. Temple Street, Room 183, Los Angeles, CA 90012 
(213) 974-2326 


Equal Opportunity Employer M/F 


Eb SATISFIED CUSTOMERS NATIONWIDE! 


Leavitt Communications, Inc. 


Callus for CELLULAR mobile phones, 
Panasonic and OKI. antennas and 
accessories. In stock for immediate 
delivery 


Why pay more for our kind of 
* QUALITY * SELECTION 
DELIVERY * SERVICE © RELIABILITY 


942 Pitner Ave. » Evanston, Illinois 60202 
Call our TOLL FREE number or WRITE TODAY! 


800-323-4304 


In ILLINOIS call (312) 328-7301 


Sh 
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Mobile Ranke Lechnoloes 


Conodian Distributor 

Eostcom Industries, Ltd. 

4511 Chesswood Dr. 

Downsview, Ontorio, Conada M3J 2V6 
(416) 638-7995 


ASTRON POWER SUPPLIES 


¢ HEAVY DUTY © HIGH QUALITY * RUGGED RELIABLE « 


2852 Walnut Ave., Unit E 
Tustin, CA 92680 
(714) 832-7770 


ASTRON 


CORPORATION 


MODEL RS-50A 


RM-A SERIES 


MODEL RM-35A 
RS-A SERIES 


MODEL RS-7A 


RS-M SERIES 


MODEL VS-20M 


RS-S SERIES 


MODEL RS-12S 


*1CS—Intermittent Communication Service (50% Duty Cycle 5 min. on 5 min. off) 


RS and VS SERIES 

SPECIAL FEATURES 

¢ SOLID STATE ELECTRONICALLY REGULATED 

¢ FOLD-BACK CURRENT LIMITING Protects Power Supply 
from excessive current & continuous shorted output. 

* CROWBAR OVER VOLTAGE PROTECTION on all Models 
except RS-44. 

® MAINTAIN REGULATION & LOW RIPPLE al low line 
input Voltage. 

@ HEAVY DUTY HEAT SINK ® CHASSIS MOUNT FUSE 

¢ THREE CONDUCTOR POWER CORD 

© ONE YEAR WARRANTY © MADE IN U.S.A. 


MODEL RS-50M 


19” x 5% RACK MOUNT POWER SUPPLIES 


Continuous Ics* 
Duty (Amps) (Amps) 
25 35 


37 50 


Continuous Ics* 
(Amps) 
4 


Duty (Amps) 
3 


© Switchable volt and Amp meter 


Continuous 
MODEL Duty (Amps) 
RS-12M 9 
RS-20M 16 
RS-35M 25 
RS-50M 37 


* Seperate Volt and Amp Meters 
¢ Output Voltage adjustable from 2-15 volts 
* Current limit adjustable from 1.5 amps to Full Load 
Continuous Duty Ics* 
(Amps) (Amps) 
MODEL @13.BVDC@ 10VDC@S5¥DC @13.8V 
VS-20M 166«93 «(4 20 


VS-35M a IS .f 35 
VS-50M 37 22 10 50 


* Built in speaker 


Continous 


MODEL Duty (Amps) 


RS-7S 

RS-10S 7. 
RS-10L (For LTR) 7. 
RS-12S 

RS-20S 
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PERFORMANCE SPECIFICATIONS 

© INPUT VOLTAGE: 105 - 125 VAC 

© OUTPUT VOLTAGE: 13.8 VDC + 0.05 volts 
{Internally Adjustable: 11-15 VDC} 

* RIPPLE: Less than 5my peak to peak (full load 


& low line) 


MODEL VS-50M 


Size (IN) 
HxwxD 
5VY%ax 19K 12% 
5¥% x 19 x 12% 


Size (IN) 
HxWXD 
3% x6%2x9 
3% x 6Y2 x9 
4x7AxX 10% 
4x7%2x10% 
4¥%2 x 8x9 
5x9x 10% 
5x 11x11 
6x 13% x 11 


Size (IN) 
HxWxD 
4%. x8x9 
5x9x 10%2 
5x11x1 
6x 13% x il 


Size (IN) 
HxWxD 
5x9x 10% 


5x11x11 
6x13%x 11 


Size (IN) 

HxWxO 
4x7%4%x 10% 
4x7T%x 10% 


4x9x 13 
4%x8x«9 


5x9x 10% 


Shipping 
Wt (Ibs) 
38 
50 


Shipping 
Wt (Ibs) 
5 


Shipping 
Wt (Ibs) 
13 
18 


27 
46 


Shipping 
Wi (Ibs) 


Shipping 
Wt (Ibs) 


Thinking Cellular? 
Think Sinclair 


Sinclair has a wide 

range of 800 MHz 

Antennas, Cavity 

Filters, Duplexers, 
Receiver Multicouplers 

and Transmitter 
Combiners for Cellular 
Applications. 


ADVERTISERS’ INDEX 


ICOM America, Inc 
IFR, Inc 
International Crystal Mfg. Co 
Antenna Incorporated Kathrein, Inc 
Antenna Specialists Co. ......... 16 KLM Electronics Inc. ............ 14 
Astron Larsen Electronics 
Audio Data Corp. ............... 49 Leavitt Communications Inc. ..... 86 
B-D Crystal Enterprises, Inc. Lunar Electronics 
Bogner Broadcast Equipment .... Maxrad 
Bomar Crystal Co Midian Electronics 
Cal Crystal Lab. Inc. ............ 85 Modublox & Co., Inc 
California Radio Motorola, Crystal Components. .. .21 
Motorola, Inc 
Multiplier Industries 
Novatel Communications 
CESRING 6 sescs caves css 71 Pipo Communications 
Cetec Vega PolyPhaser Corporation 
Communication Instruments 
Communications Associates Scorpion Systems, Inc 
Communications Products Selectone Corp. ......-.-....+-.- 3 


Rugged and dependable 
systems designed for 


performance. 
So if you're thinking 
cellular, think Sinclair. 


Communications Signalling 
Signals Comm. Corp 
Communications Specialists Sinclair Radio Labs 
Com-Ser Laboratories Solid State Communications, 
Connect Systems ING? ices sete sinsacncessue ens 5 
Control Signa! Corp Sonar Radio Corp 
Data Signal, Inc Standard Communications 
Day Associates Sti-Co Industries 
Decibel Products Inc Tamaphone Corp. of America ... .37 
EMR Corp Telewave 
Erie: Electronics, Inc. .....:....s0%%: 65  Tessco 
Ferritronics T.E. Systems 
Freeman Engineering Inc TexTel Labs 
General Communications Inc. ....54 Trans Com.........-2.......005 80 
Glenayre Electronics - Trio Kenwood 
Glen Martin Engineering, Inc Tuned Antennas 
Global Telerad Uniden 
Helper Instruments Co 
Henry Radio 
Hewlett-Packard Company 
Hustler, Inc 


To capitalize on our over 30 
years of experience in 
systems design and to 

obtain our new 800 MHz 
Catalog call the experts 
today. 


Call Toll Free: 
1-800-228-2763 


ATSINCLAIR 


Sinclair Radio Laboratories Inc. 
14614 Grover Street, Suite 210 
Omaha, Nebraska 68144 


“The Effective Radiated 
Power Experts” 
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Mobile Radio Technology 


4 : e “te ’ ; “ — 
@ , A \ 
Pid 4 4 { if i 


DAYPAGE 140 


tenn ene 


C) 1000 Subscribers At last... a high performance, high 
quality small paging terminal — loaded 

_] Ideal for 900 MHz and with the features you've been asking for 
... AND, PRICED LOW to make 900 MHz 

other paging channels or any paging system highly AFFORDABLE! 

The DAYPAGE 140 is fully automatic 

i i with diagnostics, traffic data retrieval 

O Digital + Voice, Digital and all programming from the CRT-keyboard. 
Display and other Optional features such as call priority, 
group call, and printer . . . allows us to 

popular formats completely meet your needs — 
Easy to use, easy to maintain, one of 

O Remotely programmable the QUALITY products from . . . 


O) Full service backup 


FOR MORE INFORMATION CALL OR WRITE: 


2801 SPRING FOREST RD., RALEIGH, NC 27604 » (919) 876-8294 telecommunications 
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Take a Good Look at a Tower of Power. 


~ THE SWITCH” 


NSE" MOBILE SWITCHING ‘CENTER | 


LP] 


“The Switch” 
is the complete 
R.C.C. central 


office. This is iRRg 12 
aa tT 
compatible with 

IMTS, IPTS and If 

ea 
ing and includes }ae® 

voice, tone and We 

readout paging. [ae HE Hl J you complete 


All ready to go JR ; ” specs for “The 
for anything from Ae iif ihe ) ig: Switch’’? 


# one to thirty 
channels. “The 
Switch” is ideal 
for RCC/SMR 
combinations. 
Plug into “The 
Switch,’ and 
you’re in touch 
with the world. 
May we send 


eT 
mf { 


ATT 
ARH 


“tttht mit nT) 
tay] a4 bdo 4 | 


Hi 4 @ Engineering Associates, Inc. 


j @ “Helping you be in touch 
: with the world.” 


| 3100 Sth Street 
4 Metairie, Louisiana 70002 
504 / 831-7785 
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Chip off the old block! 


Mini-Com ff} 410 


The best just got smaller. At 
Wilson, we've taken all the proven 
abilities of the Citi-Com® Plus 
mobile radio and ingeniously 
packaged them into the most intel- 
ligent portable radio in the world... 
the new Mini-Com™ HS 410. 


10 Channels, 4 watts. 

An authorized technician can 
immediately program up to ten VHF 
channels through the front key- 
board with no external equipment 
required. This saves you a lot of time 
and a ton of crystal inventory. And 
since all standard E.|.A. tones are 
built in, you only need to select the 
right tones for your system. It's that 
simple ...and sophisticated. 


Plus...an important 
breakthrough. 

Wilsons new HS 410 features two 
3 MHz “windows” that permit you to 
tune the radio to much broader 
customer requirements than you 


ever 
thought 

possible. 

It may even 

do the work 

of two radios, 

in some sys- 

tems applications. 


Make your reservations now. 
Availability will be in January, 

1984, with an initial limit of six per 

customer. You will be able to order as 


many as you want, but only six 
can be shipped at any given 
time due to the fact that 
demand has already 
caused us to go to an 
allocation program. And, 
by the way, it is backed by 
a full year warranty on 
parts and labor. So 
don't hesitate. Call us 
toll free today. 


Wilson 
Electronics 
Incorporated 


P.O. Box 19000 
Las Vegas, NV 89132 


Call Toll Free 1-800-634-6730/6593 
In Nevada and outside U.S.A. 
1-702-739-1931 

Telex 684-522/684-540 
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Plug-In Bumper Cro 


Just call our sales or engineering departments 
toll free from anywhere in the USA (includ- 
ing California) and reap what we've sown. 


From the fertile grounds of Communications 
Specialists comes our fresh harvest of direct 
CTCSS plug-ins to spade through valuable in- 
stallation time and cultivate, profits. They re 
available for most popular mobiles, portables, 
and repeater panels, and all incorporate our 
industry standard, field programmable TS-32. 


COMMUNICATIONS 
SPECIALISTS 


426 West Taft Avenue, Orange, CA 92667 
714/998-3021 Entire USA 800/854-0547 


i 
— 
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